
2             characterized in             the liquid of the liquid bath
(2) comprises an aqueous HF solution (3) with a             concentration
between about .001% and about 50%.    5   6.  The method according to claim
5,             characterized in             that the HF concentration in
the acqueous solution is between about .01 % and             about 0.1 %
10   7.  The method according to one of the preceding claims,
characterized in             that the substrate comprises silicon.
8.  The method according to one of the claims 1 to 6, 15
characterized in             that the substrate comprises a ceramic
material or a glass material.        9.  The method according to one of the
claims 1 to 6,            characterized in 20       that wherein the
substrate comprises a plastic material.        10. The method according to
one of the claims 1 to 6,            characterized in            that the
substrate comprises a metal material. 25       11. The method according to
one of the claims 1 to 6,            characterized in            that the
substrate comprises a laser disk.  30   12. The method according to anyone
of claims 1 to 11,            characterized in            that the
substrate (1) and the liquid bath (3) are separated by lifting the
substrate out            of the liquid bath.  35   13. The method according
to anyone of claims 1 to 11,            characterized in        -  that the
substrate (1) and the liquid bath are separated by draining the liquid from
the bath (2).   



3          14. The method according to anyone of the preceding claims,
characterized in             that the liquid bath (3) contains at least one
additive selected from the group  5         consisting of acids, organic
acids, surfactants and solid additives.        15. The method of claim 14,
characterized in             that said at least one additive is an acid
selected from the group consisting of HCl, 10         H3PO4, H2SO4, HClO,
HClO2, HClO3 and HClO4.        16. The method of claim 14,
characterized in             that said aqueous solution contains a mixture
of acids selected from the group 15         consisting of HCl/H2PO4,
H3PO4/HCl, H3PO4/H2SO4 and H3 PO4/HCl/H2SO4.        17. The method of
anyone of claims 14 to 16,             characterized in             that
said acid is added to give a concentration of up to 50% by weight. 20
18. The method of claim 14,             characterized in             that
said at least one additive is an organic acid selected from the group
consisting             of formic acid, acetic acid and citric acid. 25
19. The method of claim 18,             characterized in             that
said organic acid is added to give a final concentration of up to about 80
% by             weight. 30       20. The method of claim 14,
characterized in             that said surfactant is added to give a final
concentration of up to about 5% by             weight. 35       21. The
method of claim 14,            characterized in            that said solid
additive is NH4F.  



22. The method of claim 14,            characterized in            that
said solid additive is added to give a final concentration of up to about
50% by  5         weight.         23. The method according to anyone of
claims 1 to 22,            characterized in            that the method is
carried out at a temperature between 0 and 100 degrees Celsius. 10      24.
The method according to claim 23,            characterized in
that the method is carried out at a temperature between 20 and 50 degrees
Celsius.   15   25. The method according to anyone of the preceding claims,
characterized in            that the proportion of 03 in the O2/O3 gas
mixture is between 1 mg and 0.5 g per            liter of O2/O3 gas
mixture.             WO 97/08742
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soluble in the liquid and lowering the surface tension of the liquid. For
example, a       semiconductor silicon wafer can be dried upon removal from
a liquid bath comprising an       aqueous HF solution with a concentration
between .001 % and 50% with an O2/O3 gas       mixture provided over the
surface of the aqueous HF solution.  5   In a second embodiment, the
invention relates to a method of drying a substrate surface       wherein
the substrate is dipped into and subsequently separated from a liquid bath
and a       gas mixture is directed over the surface of the substrate after
separating the substrate 



from the liquid bath. For example, a semiconductor silicon wafer can be
dipped into an       aqueous HF solution with a concentration of between
.001 % and 50% and a gas mixture 10   comprising O2/O3 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 O2/O3 gas mixture.       Fig. 2  shows the removal of a silicon
wafer from a bath with an aqueous HF solution               without adding
O2/O3.       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 O2/O3, and nitrogen or a similar
gas can be used as a carrier gas. The carrier 25   gas should be chemically
inactive with the O2/O3 component of the gas mixture.       Suitable gases
include air (N2, O2, CO2), CO2, He, Ne, Ar, Kr, Xe and Rn. The share
of O3 in the O2/O3 gas mixture is preferably 1 mg up to 0.5 g per liter of
O2/O3 gas       mixture. The gas mixture can consist of only O2 /O3 . If a
carrier gas is used, however,       the share of the O2/O3 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 keeps 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.              WO 97/08742
PCT/EP96/03541                                                   4
Moreover, when dissolving ozone in the aqueous HF solution, the MARANGONI
effect       occurs according to the ozone concentration. The silicon
surface comes out       hydrophilicly from the aqueous HF solution, meaning
that it is wettable with water or 



aqueous solutions.  5   With the procedure according to the second
embodiment of the invention, the gas       mixture containing O2/O3 is
directed over the silicon surface only after its drying. Thus,       making
the silicon surface hydrophilic takes place only after the drying process.
The       advantage of this procedure is the very quick drying of the
silicon.       With both of the above embodiments according to the
invention, separating the silicon 10  from the aqueous HF solution can be
done either by lifting the silicon out of the HF       solution or by down
flowing the HF solution, or by a combination of both.       With the
procedure according to the first embodiment of invention, the relative
speed of       separation, which constitutes the speed of removal of the
silicon from the solution or the       speed of draining of solution from
the bath, is about 1 to about 50 mm/sec and 15  preferably about 3 to about
10 mm/sec. Such a low speed is an advantage, since the       MARANGONI
effect is especially effective at low speeds. With the procedure
according to the second embodiment of the invention, the relative speed of
separation       between the silicon and the surface of the solution is
about 0. 1 to about 20 cm/sec and       preferably about 0.5 to about 3.0
cm/sec, since the drying can be done very quickly. 20   Furthermore, the
aqueous HF solution can contain additives like organic compounds
(such as alcohol, isopropyl alcohol and EDTA), organic acids (such as
formic acid,       acetic acid and citric acid), acids (such as HCl, H3PO4,
HClO, HClO2, HClO3, and       HClO4), surfactants (cationic or anionic) or
solid additives like NH4F, 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, H2SO4 and H3PO4 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/HCl, HF/HCl/H2SO4, HF/H3PO4,       HF/H3PO4/HCl,
HF/H3PO4/H2SO4 and HF/H3 PO4/HCl/H2SO4. 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).             WO 97/08742
PCT/EP96/03541                                                   5      The
HF-concentration is preferably between about .01 % and about . 1 %. The
range can 



be 0% (pure water) to 90% (concentrated HF).      A stable ozone content
comparable with a saturated status can be achieved by      continuously
supplying the HF solution tank with an O2/O3 gas stream (for example,  5
,bubbling"). Other parameters like temperature, concentration of HF and
adding of      additives (mainly surfactants) have an influence on the
ozone content and the saturated      status. A successful cleaning and
drying procedure can be achieved with a continuous      O2/O3 gas stream.
In a preferred embodiment, the gas stream is in the range of about 50
to about 300 l/h and the ozone generation is in the range of about 10 to
about 50 g/h. 10   An estimated value of the ozone concentration in the HF
solution is in the range of 10 to       80 mg/l.       Another advantage of
the invention is that the procedure can be carried out in a
temperature range between 0 and 100 degrees Celsius, the preferred
temperature being       20 to 50 degrees Celsius. 15           Example
Fig. 1 shows a silicon wafer 1, which is slowly removed from a bath 2 with
an aqueous       HF solution 3 after being dipped completely into the bath.
The direction of removal of       the silicon wafer 1 is shown by the arrow
pointing vertically upwards over the silicon       wafer. The speed of
removal is preferably about 3 to about 10 millimeters per second. 20   The
arrow diagonal to the silicon wafer surface shows the simultaneous adding
of the       O2/O3 gas mixture over the aqueous solution near the wafer
surface.       When slowly removing the silicon wafer 1 from the aqueous HF
solution 3, the surface       of the aqueous HF solution sticks to the
silicon surface, which is bent upwards. This is       shown by an upwards
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 more ozone is
dissolved than       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 lower surface       tension at
point A than at point B. This gradient in the surface tension causes the
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 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 aqueous solution guarantees the
eroding of the       silicon oxide layers into which metal ions like Fe may
be embedded.             WO 97/08742
PCT/EP96/03541                                                    6 



Metal contamination like Cu, which are directly connected to an Si atom,
are removed       by a Redox process, as shown in Fig. 3b.       Fig. 3c
shows how the ozone causes the silicon surface to oxidize.       Thus, the
silicon leaves the drying bath perfectly clean, hydrophilic and dry.  5
Other embodiments of the invention will be apparent to one of ordinary
skill in the art.       Although the preferred embodiments and examples
describe the drying of silicon wafers,       the invention is applicable to
substrates of many materials in addition to silicon, such as       metals,
plastics, glasses, and ceramics. The term ,,substrate" is not limited to
substrates       that support electronic circuitry, but applies to any
object supporting a surface, i. e. 10   having any adequate physical form,
such as the form of wafers, plates or discs. The       invention is not
limited to the specific examples and is defined by the following claims.
WO 97/08742                                            PCT/EP96/03541
7             Claims        1.    A method of drying a substrate surface
(1), comprising:       dipping the substrate into a liquid bath (2);  5
passing over the surface of the liquid bath a gas that is soluble in the
liquid and that      lowers the surface tension of the liquid when
dissolved therein; and      separating the substrate (1) and the liquid (3)
at a rate such that the difference in surface      tension between the
liquid having a first concentration of dissolved gas by the substrate
surface and the liquid having a lower concentration of dissolved gas away
from the 10  substrate surface dries the substrate upon separation.      2.
A method of drying a substrate surface (1), comprising:      dipping the
substrate into a liquid bath (2);      separating the substrate from the
liquid bath (2), the substrate surface being hydrophobic      upon
separation from the liquid bath, the substrate being separated from the
bath at a rate 15  that permits the bath liquid to drain from the
hydrophobic surface of the substrate to      produce a dry substrate; and
directing over the surface of the substrate (1) after separating the
substrate (1) from the      liquid bath a gas that forms a hydrophilic
surface on the substrate.      3.    The method according to claim 1 or
claim 2 wherein the substrate comprises 20   silicon, the liquid of the
liquid bath (2) comprises an aqueous HF solution (3) and the       gas
comprises an O2/O3 mixture.       4.    The method according to claim 3
wherein the liquid of the liquid bath (2)       comprises an aqueous HF
solution (3) with a concentration between about .001% and       about 50%.
25   5.    The method according 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 O2/O3 mixture and wherein the relative
speed of separation between the silicon (1)                  WO 97/08742
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and the surface of the aqueous HF solution (3) is between about 0.1 cm/sec
and about 20       cm/sec.       11.  The method according to claim 10
wherein the relative speed of separation       between the silicon (1) and
the surface of the aqueous HF solution (3) is between about  5   0.5 cm/sec
and about 3.0 cm/sec.       12.  The method according to anyone of claims 1
to 11, wherein the substrate (1) and       the liquid bath (3) are
separated by lifting the substrate out of the liquid bath.       13.  The
method according to anyone of claims 1 to 11, wherein the substrate (1) and
the liquid bath are separated by draining the liquid from the bath (2). 10
14.  The method according to anyone of claims 3 to 13, wherein the liquid
bath (3)       contains at least one additive selected from the group
consisting of acids, organic acids,       surfactants and solid additives.
15.  The method of claim 14 wherein said at least one additive is an acid
selected from       the group consisting of HCl, H3PO4, H2SO4, HClO, HClO2,
HClO3 and HClO4. 15   16.  The method of claim 14 wherein said aqueous
solution contains a mixture of acids       selected from the group
consisting of HCl/H2PO4, H3PO4/HCl, H3PO4/H2SO4 and H3       PO4/HCl/H2SO4.
17.  The method of anyone of claims 14 to 16, wherein said acid is added to
give a       concentration of up to 50% by weight. 20   18.  The method of
claim 14 wherein said at least one additive is an organic acid
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 NH4F.       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 O3
in the O2/O3 gas mixture is between 1 mg and 0.5 g per liter of O2/O3 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             WO 97/08742
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separating the substrate (1) and the liquid (3) at a rate such that the
liquid drains from the      substrate surface, thereby drying the surface.
27.  The method of claim 26 further comprising dissolving an O2/O3 gas
mixture in      the liquid and in which:  5   contacting the surface with a
gas includes contacting the surface with the dissolved O2/O3      gas
mixture; and      the liquid drains from the surface because of a
difference in surface tension between the      liquid by the substrate
surface and the liquid away from the substrate surface.      28.   The
method of claim 26 in which the substrate surface is hydrophobic as it 10
separates from the liquid and becomes hydrophilic upon contact with the gas
after       separation from the liquid.       29.   The method of anyone of
claims 1, 2, 26 to 28, wherein said substrate is selected       from the
group comprising semiconductors, ceramics, metals, glass and plastics.
30.  The method of anyone of claims 1, 2, 26 to 30, wherein said substrate
is selected 15  from the group of physical from comprising wafers, plates
and discs.    


