| METHOD AND DEVI CE FOR DRYI NG Cl RCU T SUBSTRATES The present invention
relates to a nethod for drying circuit substrates, in particular

sem conduct or substrates, in which a CIrCUIt surface of the 5 circuit
substrate is flushed using a flushing liquid in a flushing step and the
circuit surface is dried in a follow ng drying step. Furthernore, the
pr-esent invention relates to a device for perform ng the above nethod.
Sem conductor wafers in particular, which are used for nmanufacturing 10
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repeatedly using del oni zed wat er unti perm e 1on concentration
is measurable in the flushing water is knomn It has been shown that in case

of drying of the termnal surface 25 follow ng the flushing procedure, after
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term nal sugdidaee wntuhm& Wihi¢h elloesd duelasr poasachheg of the chips and
comprises the implementation of suitable contact metallizations on the
terminal surfaces. For this purpose, chemical deposition techniques are
typically used, which allow a layered buildup of the contact
15 metallizations. In particular to avoid corrosion on the contact-side
surfaces of the wafer and/or the chips produced therefrom through
separation, it is necessary to perform cleaning of the terminal or circuit
surface, in which ionic or anionic contaminants contaminating the
surface, which result from the deposition procedures, are removed. For
20 this purpose, flushing the terminal surface of the semiconductor

substrate repeatedly using deionized water until only a permissible ion

concentration is measurable in the flushing water is known.

It has been shown that in case of drying of the terminal surface
25  following the flushing procedure, after evaporation of flushing water
residues remaining on the terminal surface, corrosion pockets remain on

the terminal surface.

Therefore, in the past, different efforts have been taken in order to allow
30 drying of the terminal surface with as little residue as possible
immediately following the flushing procedure. One of these possibilities

i1s to apply a temperature to the circuit substrate after application of



i mredi ately follow ng the flushing procedure. One of these possibilities 1is
to apply a tenperature to the circuit substrate after application of 2
flushing liquid or after renmoval froma flushing bath in order to allow the
nost rapid and residue-free evaporation of the flushing water possible.
However, this is associated with the di sadvantage that the tenperature
st.rai n acconpanyi ng the known drying frequently reaches or 5 even exceeds
the range of the tenperature strain just permssible for perfect
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t he object of suggesting a nmetho device for performng a method
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Claim1 and/or a 25 device according to daim7 n t he met hod ording to
t he presentfdarmesamhplbm,typrcalhy o tarcicaess tesidues on the terminal surface.
Residues of this type may be avoided in the event of cleaning with the
addition of alcohol, but the use of alcohol as a flushing liquid makes the
supplementary use of frequently explosive materials necessary, so that
15 performing methods of this type requires special explosion protection

and is thus correspondingly costly.

The present invention is thus based on the object of suggesting a method
and/or a device for performing a method which allows essentially

20 residue-free cleaning of circuit substrates without too high a temperature
strain of the circuit substrates and/or too high an outlay when performing

the method and/or during operation of the corresponding device.

The above object 1s achieved by a method according to Claim 1 and/or a

25 device according to Claim 7.

In the method according to the present invention, in which a circuit
surface of the circuit substrate is flushed using flushing liquid in a
flushing step and the circuit surface is dried in a subsequent drying step,
30 the circuit substrate is moved in the flushing step in the direction of its
planar extension, transversely and in relation to a liquid level of the

flushing liquid, in such a way that at a transition area between the circuit



surface of the circuit substrate is flushed using flushing liquid in a
flushing step and the circuit surface is dried in a subsequent drying step,
30 the circuit substrate is noved in the flushing step in the direction of
its planar extension, transversely and in relation to a liquid | evel of the
flushing liquid, in such a way that at a transition area between the circuit
3 surface and the liquid | evel, which changes because of the relative
novenent, a liquid nmeniscus is formed and in the drying step thernal

radi ation igaRed bRl the HHEid [ANS] WhEh }hEA ¥ b8 Y ot hBe Irk i ¢k Meni scus. 5
When the nethod according to the present invention is used, the circuit

substrate haevehemiak li@eidamicans ayspisi antesl and iin thetdransg tsiem themealnet t ed
heni scus, | iAGAIEE 1S o0 Risb 6 WEE brasb AR PU8h wreihad Bo TR i Bronip 49,1

absorption of the thernmal radiation. Since a part of the circuit substrate

lo which changes, but is always nore or less large, remains in the liquid
bat h duri ngWhea Hppmiethed ascofdingnisethst prasenheayeigoninassdditbeicpeued from

the circuit_substrate into the liquid bath .in parallel .to the te rature
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into the circuit substrate. A variation which is particularl|ly advantageous
in regard tbathhéugpgdae application of temperature, heat is always dissipated

from the circuit substrate into the liquid bath in parallel to the

temperature application, so that overheating of the substrate may be

precluded as much as possible. In addition, the application of

15 temperature through thermal radiation allows essentially convection-free
heating of the circuit substrate, so that contamination by contaminants

carried along in a convection flow may be precluded as much as

possible.

20 According to a preferred variation of the method, the thermal radiation is
applied using an infrared radiator, so that heat may be introduced

especially effectively into the circuit substrate.

A variation which is particularly advantageous in regard to the space
25 required when performing the method is that to perform the relative

movement between the liquid level and the circuit substrate, the circuit

substrate is situated in the flushing liquid, which is received by a bath

container, and the liquid level is lowered.

30 If the thermal radiation is applied transversely to the liquid level, it is
possible to apply the thermal radiation simultaneously to multiple circuit

substrates situated in a composite arrangement.
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25 required when performng the nethod is that to performthe relative
novenent between the liquid |level and the circuit substrate, the circuit
substrate is situated in the flushing liquid, which is received by a bath
container, and the liquid level is lowered. 30 If the thermal radiation is
applied transversely to the liquid level, it is possible to apply the
thermal radiation sinultaneously to nmult#ple circuit substrates situated in
a conposite arrangenent. 4 In addition, it has been shown to be especially
advantageous if wventilation of a container |unmen inplenented above the
liquid |l evel occurs essentially parallel to the liquid Ievel, since
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circuit surfaces before the subsequent drying step in 15 an overall
continuous nmethod in a single device. The device according to the present

i nventi on fldrmplipler fushinghetepstdrecdperformed yhny gh repddted ubso diangest tha
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way that the circuit substrate extends in a plane in the direction of a
cont ai ner fiegutue-freeadichiingorf theherdgavateurfaces of circuit substrates, but

rather additionally also performing preceding multiple flushing
procedures with the goal of producing the ionic and/or anionic
concentration on the circuit surfaces before the subsequent drying step in

15 an overall continuous method in a single device.

The device according to the present invention for performing the method
for drying circuit substrates, in particular semiconductor substrates, is
provided with a bath container which has an intake unit and an outlet

20 unit and in which a receiving system for receiving at least one circuit
substrate is situated in such a way that the circuit substrate extends in a
plane in the direction of a container floor. In addition, the device
according to the present invention is provided with a cover unit which
closes a container opening of the bath container and with a thermal

25 radiator unit situated above the receiving system.

In an especially advantageous embodiment of the device, the thermal

radiator unit is provided with infrared radiators.

30 If the thermal radiator unit is situated on the cover unit, simple
positioning of the thermal radiator unit above the liquid level is

possible, which allows simultaneous application to multiple circuit



according to the present
cl oses a container opening of the bath container and with a thernal

radi ator unit situated above the receiving system In an especially
advant ageous enbodi nent of the device, the thermal radiator unit is
provided with infrared radiators. 30 If the thermal radiator unit is

situated on the cover unit, sinple positioning of the thernmal radiator

invention is provided wwth a cover unit which
25
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above the liquid level is possible, which allows simltaneous application
to mul tipl &ydiskGubs rocsvbstihahesrdcefdinges siémt he recei ving system
Furthernore, it is advantageous if the thernmal radiator is situated above a
transparent plate for separation froma container interior, so that the 5
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the ventilation unit is situated on the cover unit.

In the following, a preferred variant of the device according to the
present invention and a device preferably usable for this purpose are

explained in greater detail on the basis of the drawings.

Fig. 1 shows a sectional illustration of a device for cleaning

semiconductor substrates;

Fig. 2 shows an enlarged illustration of a liquid meniscus
implemented between a liquid level and a circuit surface of

the semiconductor substrate.

Fig. 1 shows a bath container 11, filled with a flushing liquid 10, which
is formed in the present case by deionized water, in which a receiving
system 12 having wafers 13 received uniformly distributed therein is
situated. The receiving system 12 may have two clamping jaws which
receive the wafers 13 between them around the peripheral edge, for

example, so that the wafer surfaces remain freely accessible.

The bath container 11 is provided in the area of its container floor 14

with an inflow unit 16 provided with an inlet valve 15. Furthermore, an

" present invention and a
15 explained in greater
1 shows a sectional illustration

shows a



25 is fornmed in the present case by deionized water, in which a receiving
system 12 having wafers 13 received uniformy distributed thereinis
si-tuated. The receiving system 12 nay have two clanping jaws which receive
the wafers 13 between them around t he peripheral edge, for exanple, so that
the wafer surfaces remain freely accessible. 30 The bath container 11 is
provided in the area of its container fldor 14 with an inflow unit 16
provided with an inlet valve 15. Furthernore, an 6 outflow unit 17 is

provi ded i mithewiu@d of ithgosond@inehe hk&P6 1 e Ot Siher MASoAMN40WHieh Val ve
18. In addition, the outflowunit 17 is equi pﬁed with a flow valve 19 that

al | ows set thasgibputles valvévlBellociddition, the outlem ngit 17 guiedulpdd switng out
t hrough t he tflow unpt aRJdn the ar of- the contai ner. _openj ng 24 of
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14 and whi ghiq@ild POSF1dWERS buPBhraant feyalowfuling maf er 13 situated in the
recei ving system 12, a cover unit 20 closing the container opening 24 is

situated, which allows to operation of the bath container 11 as a processing

chanber clased in relation to the envir . The cover, uni,t, 20 i.s

ol erent ed it flg ot ingontedat FreMiie SR siaflreiestan fRebtor 21,
in which a dihﬁfdmlcaflgrdcbﬁiﬁit@mé caﬂtzhﬁyt m)ol514 Bﬁﬂfmhid}ﬁﬂlla%rﬁlséﬁtibﬂ th?
present case conprising multiple infrared radiators is received. To avoid

heat bui | dugnd rdreokalvel thevtalgo 1deyitwated prothicdes chl iy yxsiem 42i arrosdt  shown
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cont ai ner openi ng fansparent’ a enen € present case as
a gl assiopl afperafonnserieetlaihnéOndali®er 11 as a processing chamber closed in

relation to the environment.

The cover unit 20 1s implemented in the present case like a housing
having a cover interior 21, in which a thermal radiator unit 22 having

15 thermal radiators 23 in the present case comprising multiple infrared
radiators is received. To avoid heat buildup, the cover unit 20 may be
provided with ventilation (not shown in greater detail here). A cover
wall 25 situated directly opposite the container opening 24 is transparent
and implemented in the present case as a glass plate 25 inserted into the

20 cover unit 20. A ventilation unit 27 having multiple ventilation channels
26 running parallel to the plane of the container opening 24 is located
situated necighboring the container opening 24 and above a liquid level
28 of the bath container 11, shown in the completely flooded state in
Fig. 1. The ventilation channels 26 discharge in the present case from

25  the outside into a rear container wall 34 of the bath container 11 and
allow supply and removal of a ventilation flow directed parallel to the

liquid level 28 and having a very low flow velocity.

For operation of the device shown in Fig. 1, the receiving system 12
30  having the wafers 13 received therein is inserted into the bath container
11 and the bath container 11 is closed using the cover unit 20. In a

subsequent filling procedure, the bath container 11, with outlet valve 18



20 cover unit 20. A ventilation unit 27 having nmultiple ventilation channels
26 running parallel to the plane of the container opening 24 is | ocated
situat ed nei ghboring the container opening 24 and above a liquid |evel 28
of the bath container 11, shown in the conpletely flooded state in Fig. 1.
The ventilation channels 26 discharge in the present case from 25 the
outside into a rear container wall 34 of7the bath container 11 and all ow
supply and renoval of a ventilation flow directed parallel to the |liquid

|l evel 28 angF fhavémgléwMvatiy 117osokkaw v elloddiet yw i thofl u gpeYeatiyand afo tHreudrvi ce
shown in Fi%f_l, t he receiving system 12 30 having the wafers 13 received
therein is thasaflosy umt é6tdiberashéeataaiiaeid levielahti shownbiax Kigoht wihet 11 is
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flooded with flushing liquid 10 through the inflowunit 16 until reaching a
liquid | evel 28 shown in Fig. 1, which conpletely covers the wafers 13
ext endi g tlweeadite fivontthe iépodddatats o1 thefrabeeditatndtr bnshhw f irobded state

of the bat ai N FLG: -k, WM 0 | Qw,-V 19, the
liquid | evg’c‘ggﬁ‘i "%‘peﬁ%vf}]"é’? ?@g?géigytﬁ‘%:g%‘édﬁgf ggllg\;\%gor"(éd)?eg%r%ibxgt a
progressi valontimrgalyfdamtered, thehaas orogisdsiw9jlaegsr puit of tHhe affersshp ng
liquid 10. As.the liquid level 28 is.reduced, a  liquid nmeniscus 31, 32
forms in a RICAFEF W hieallashig Wisaid dile Auiatiayiddepel 28Gsdrduped waf er s
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liquid level 28 is |owered, the thermal radiator unit 22, which emts IR

radi ati on ithetlheuidr keyveht2 Sexdsnidioayy 1edgdiZmett Lleass opg ofpidreatyrdaces 29,
30 is implemented as a circuit surface having contact metallizations

situated thereon.

15 As the liquid level 28 i1s lowered, the thermal radiator unit 22, which
emits IR radiation in the present exemplary embodiment, 1s in operation
using the thermal radiators 23, which are separated from the liquid level
28 by the glass plate 25. As a result of the absorption of the thermal
radiation 36 in the semiconductor material of the wafers 13, the part of

20  the wafers 13 situated above the liquid level 28 is heated, while in
contrast the part of the wafers 13 situated in the flushing liquid 10 is
relatively cooled by the heat transfer between the semiconductor material
and the flushing liquid 10. This prevents overheating of the
semiconductor material, which impairs the function of the wafer, from

25  being able to occur in spite of the fact that heating of the semiconductor
material is sufficient for evaporation of the flushing liquid 10 in the areca
of the liquid meniscus 31, 32. Through the evaporation of the flushing
liquid 10 in the area of the liquid meniscus 31, 32, it is ensured that
essentially no residues of fiushing liquid remain on the surfaces 29, 30

30 of the wafers 13. In addition to the evaporation of the flushing liquid in
area of the liquid meniscus 31, 32, the surface tension of the liquid

meniscus is also reduced through the heating of the semiconductor



using the thermal radiators 23, which are separated fromthe liquid |evel
28 by the glass plate 25. As a result of the absorption of the thernal
radiation 36 in the sem conductor material of the wafers 13, the part of 20
the wafers 13 situated above the liquid level 28 is heated, while in
contrast the part of the wafers 13 situated in the flushing liquid 10 is
rel atively cooled by the heat transfer b¥tween the sem conductor materi al
and the flushing liquid 10. This prevents overheating of the sem conductor

material, whhGhidlnRRideSatdico f HCligand dfetiReuyafieny fsboMa2Inbeifgimbl e to
occur in spite of the fact that heatlng_of the sem conductor material is
[
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the ligdid neniscus 31, 32, the surface tension of the liquid neniscus is
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above-nenti oned 10 boundary area, so that adjacent thereto, the surface

t ensi on of fwghing liquid is essentially maintained and drops are prevented from
forming in the area of the liquid meniscus 31, 32. This advantageous
effect i1s also supported by the selection of a lowering speed of the liquid
level 28 which allows a contact time between the surfaces 29, 30 of the

15 wafer 13 and a liquid meniscus 31, 32 sufficient to achieve the above-

mentioned effects.

Proceeding from the flooded state of the bath container 11 illustrated in
Fig. 1, a lumen 33 formed between the liquid level 28 and the glass plate
20 25 becomes continuously larger as the liquid level 28 is reduced. In
order to prevent flushing liquid 10 evaporated as a result of the
application of thermal radiation 36 from condensing above the liquid
level 28 on the surfaces 29, 30 of the wafer 13 again after cooling, the

lumen 23 is ventilated by the ventilation unit 27.



flushing liquid is essentially maintained and drops are prevented from
formng in the area of the liquid neniscus 31, 32. This advantageous effect
is al so supported by the selection of a | owering speed of the liquid |evel
28 which allows a contact tine between the surfaces 29, 30 of the 15 wafer
13 and a liquid neniscus 31, 32 sufficient to achieve the above- nentioned
effects. Proceeding fromthe flooded state of the bath container 11
illustrated in Fig. 1, a lumen 33 forned between the liquid | evel 28 and
the glass plate 20 25 becones conti nuyopglix¢ arger as the liquid level 28 is
reduced. In order to prevent flushing Trqurd 10 evaporated as a result of
the application of thermal radiation 36 from condensi ng above the |iquid

| evel 28 on the surfaces.29, 30 of. th fer 13 ai.n after cooling, the
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which a circuit surface (29, 30) of the 5 circuit substrate is flushed using
a flushisng |i quidrquiopupatrate {4 fkishad wstiep aafldshing biquedi(d 0 un faace is dri ed
in a subsequent gﬁﬁin%FSte%ﬂ Q@ ﬁkr uit substrqtﬁ.beigg nnvedtin t he
flushing step ﬂ% VHEEG PR ol of TS %Hr?%ﬁ?%gfg_slbﬁ _Pﬁﬁ%@%ﬂsely and in
relation to a ldrginhg sty ahe(A8uiefsubberaté BelHenhdvauid thd FRGIN¥AYed hat a
10 Iiquid meniscus (31, 32) fornms at a transition area éﬂ:Z)S) bet ween " t he

circuit surface iandetdisctliguiod itepéinangyichssmahgesybscdusadoin relationel ati ve
novenent, and thernmnl radiati (3 is, applied to.the .transition area
wetted by the Ii atﬁngiqﬁé&ﬁ%?}s% ?ﬁé‘edfvisﬁgjgsﬁ@ﬁ.lgfg Sél.Chngyn@taﬁgd accor di ng
to Caim 1, liquid meniscus (31, 32) forms at a transition area (35) between

the circuit surface and the liquid level, which changes because of

the relative movement, and thermal radiation (36) is applied to the

transition area wetted by the liquid meniscus in the drying step.

15 2. The method according to Claim 1,
characterized in that

thermal radiation (36) is applied using an infrared radiator.

3. The method according to Claim 1 or 2,
20 characterized in that
to perform the relative movement between the liquid level (28) and
the circuit substrate (13), the circuit substrate is situated in the
flushing liquid (10) received by bath container (11) and the liquid

level is lowered.

25
4. The method according to one of the preceding claims,
characterized in that
thermal radiation (36) is applied transversely to the liquid level
(28).
30
5. The method according to one of the preceding claims,

characterized in that



characterized in that thermal radiation (36) is applied using an infrared
radi ator. 3. The nethod according to aim1l or 2, 20 characterized in that
to performthe relative novenent between the liquid | evel (28) and the
circuit substrate (13), the circuit substrate is situated in the flushing
liquid (10) received by bath container (11) and the liquid Ilevel is

| owered. 25 4. The nethod according to dAe of the preceding clains,
characterized in that thermal radiation (36) is applied transversely to the

liquid level (28} .ve3Qilatiohh&r mbh.@siin@@qamﬂnngaj)qr@gl%noénﬂeaeam%c%ﬂ ng
0

clainms, characterized in that 10 the ventilation a container lumen (33)
i mpl enent ed aboJéquideleviel qaB Y oceved c§xBiiadte pemléslsenthaliqgpipdeatl €83 o t he
liquid level (28). 6. The nmethod according to one of the preceding clains,
5 characterized in that nmultiple flushing steps are perforned through

repeat ed flgodi nEhomethbe Rabhdieeniabner ek cpeliOeMing,t he drying step
in the bath container (11). to 7. A device for performng a nethod for

drying éircuit ssseetariesd mBYat in particul ar semconductor substrates,
according o one, IR o Al Wpd dlT2H:Oea TRV Robi¥:BaGRNLAHAESF (1)
the bath container before performing the drying step in the bath

container (11).

10 7. A device for performing a method for drying circuit substrates
(13), in particular semiconductor substrates, according to one more
of Claims 1 through 6, having a bath container (11), which is
provided with an inflow unit {(16) and an outflow unit (17) and is
closable using a cover unit (20), and a receiving system (12),

15 which is situated in the bath container, for receiving at least one
circuit substrate in such a way that the circuit substrate extends in
a plane in the direction of a container floor (14), and having a

thermal radiator unit (22) situated above the receiving system.

20 8. The device according to Claim 7,
characterized in that

the thermal radiator unit (22) 1s provided with infrared radiators.

9. The device according to Claim 7 or 8§,
25 characterized 1n that

the thermal radiator unit {22) is situated on the cover unit (20).

10. The device according to one more Claims 7 through 9,
characterized in that
30 the thermal radiator unit (22) is situated above a transparent plate

(25) for separation from a container interior.



provided with an inflow unit (16) and an outflow unit (17) and is closable
using a cover unit (20), and a receiving system (12), 15 which is situated
in the bath container, for receiving at | east one circuit substrate in such
a way that the circuit substrate extends in a plane in the direction of a
container floor (14), and having a thernmal radiator unit (22) situated
above the receiving system 20 8. The dévVice according to Claim?7,
characterized in that the thermal radiator unit (22) is provided with
infrared radiat orfe d8vicEhfe dRYIEE (S GHRN &I 0tait®s & @kdhdhq,8, 25
characterized in that the thermal radiator unit (22) s situated on the
cover unit (20).chapacteheedeni detaccording to one nore Clains 7 through 9,
characterized iq tl?Ja 30 Eh.e t jrgﬂl radidat or unit 22%,["15 situat ed above a
transparent pl at8 (651:’5)00111 pIneE A0 40T PRV TG 1 Eh s har TPRERYEBM Y 1 11, The
devi ce accordi ng2Hp voite aOfefdi BtIdh dntthfzoygh 10, characterized in that the
bat h cont ai ner (11? is provided in the area of the cover unit (20) with a
ventilation unit (27). 5 12. The device according to Caim11,
charact e’ 0 | iffgh 1 @A £1 ot £1,(27) T's situated on the cover
characterized in that

the ventilation unit (27) is situated on the cover unit (20).



