METHOD AND DEVI CE FOR DRYI NG Cl RCU T SUBSTRATES The present
invention relates to a nethod for drying circuit substrates, in
particul ar sem conductor 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 present invention relates to a device for
perform ng the above method. Sem conductor mafers in partlcular
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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

is to apply a temperature to the circuit substrate after application of
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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 is 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 liguid, in such a way that at a transition area between the circuit



substrate has thermal radiation applied to it in a transition area
wetted with the liquid nmeniscus, so that a tenperature increase of
the liquid neniscus, which causes evaporation, occurs in the circuit
substrate via absorption of the thermal radiation. Since a part of
the circuit substrate 10whi ch changes, but is always nore or |ess

| arge, remains in the liquid bath during;the application of
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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.

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

especlally 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 sitnated 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.



5condensation of the liquid evaporated in the area of the |liquid
meni scus on the circuit substrate may be prevented. If nultiple
flushing steps are perfornmed through repeated fl ooding of the

cont ai ner before performng the drying step in the bath container,
the 10 nethod allows not only a subsequent cleaning partial step in
regard to residue-free drying of the tergynnal surfaces of circuit
substrates, but rather additionally also perform ng preceding

mul tiple flushing procedures with the goal of producing the ionic
and/ or anionic concentration on the circuit surfaces before the
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multiple circuit 5 subsStrates received in the receiving system
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above a transparent pl.%%hfor Separa ion froma container interior,

so that the procedures 'wi € g04ai ol proaucing the 1omic 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 1s 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



S5thermal radiator itself is situated in a protected way outside the
aggressi ve atnosphere in the container interior. If the bath
container is provided in the area of the cover unit with a
ventilation unit, the effectiveness of the device may be increased
even 10further. It is especially advantageous for a sinple design of
the device if the ventilation unit is siguated on the cover unit. In
the followng, a preferred variant of the device according to the

present inventi.nnand . a;Aqv cleleplre% Wlﬁgl bI e for this purpose are

15expl ai ned 1 n greater det ail on 1 the drawi ngs. Fig.
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The receivin stem anpi ng Jaws whi ch receive the
waf ers 13 between them around the peri pheral edge for exanpl e, so

that the Wafl? th& Ba Ihaggr?taql?enrnils prol;necFeldym &%eésr%la%f%:he cover unit with a

ventilation unit, the effectiveness of the device may be increased even
10 further. It is especially advantageous for a simple design of the device if

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

15 explained in greater detail on the basis of the drawings.

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

semiconductor substrates;

20 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
25 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.
30
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



6 outflow unit 17 is provided in the area of the container floor 14,
whi ch has an outlet valve 18. In addition, the outflow unit 17 is
equi pped with a flow valve 19 that allows setting of the flow
velocity of the flushing liquid 10 flow ng out through the outfl ow
unit 17. 5 In the area of the contai ner opening 24 of the contai ner
floor 11 situated dianetrically opposite the container floor 14 and
which allows insertion and renoval of the wafer 13 situated in the
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infrared radi ators is received. 1o avoid heat buil dup, the cover unit
20 may be provided with ventilation (not shown in greater detail
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outside intQq.a¢HA H{%n%l?\ii?&‘im\é‘@tl.' 34 of the bath container 11 and
al l ow supply and renoval of a ventilation flow directed parallel to

the liquid |l evel 28 and having a very |low flow velocity. For
operation of.the devig
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contal ner 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 {ransparent
and implemented in the present case as a glass plate 25 inserted into the
20 cover unit 20. A ventilation unit 27 having muitiple ventilation channels
26 running parallel to the plane of the container opening 24 is located
situated neighboring 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



11 and the bath container 11 is closed using the cover unit 20. In a
subsequent filling procedure, the bath container 11, with outl et
valve 18 7 of the outflowunit 17 closed, is flooded with flushing
liquid 10 through the inflow unit 16 until reaching a liquid | evel 28
shown in Fig. 1, which conpletely covers the wafers 13 extendi ng
toward the container floor 14. 5 Proceeding fromthe flooded state of
the bath container 11 shown in Fig. 1, with open flow valve 19, the
liquid |evel i f C i : :

or agr essi vel 3 Ty Gared BhAES ek RHEDYEH N, HRORIEE)Ia3M 1D3hréhen
flushing |igbednflow weittlteuhiifuéathlinyelli@ddilsveleti®icbdwnainl Figuild which
meni scus 31, 32 @gﬁns i.n altran itiqp g&ea.35 betgf n the surf ce%
1029, 30 of TWP\REHEOVEE MmAiEhY StrafSiVBALH IPWH 4 s $andaingT ItRRd 1 9s
and the liquid level 28, as shown in Fig. 2. At |east one of the
surfaces 29, 30 is inplenented as a circuit surface_ having contact
netal | izati &ﬁ@cgﬁdlagggan% herBepded stase phah¢ bath eontaiegr bgshewndndriad,
the thermal tagj r i i i ryadi.aft i i pr esent
exenpl ary e#ﬁ?ﬂ?ﬁ%ﬁf?q?g&fﬁgge2@é?@%ﬁq3§fkgﬁ?ﬁ% ?ﬁ%?ﬁ§?5§%3?§iors 23,
whi ch are sepatimodshyr wwerkd, B¢ quatda pevgies9i8elyylarper ghrissf ihleay efe2s.13
As a result of.the a rption, of t.he. ral. . radi ati.on 36.1.n_the
serriconduct(f)(r%{)'}%:tt‘c"erolugﬁ?(?#e ug“%g%%ﬂguﬂgﬁ-?ﬁghgipyngﬂeyﬁg§§éﬁg?{?eﬁg,a
situat ed abdvguitihgehisqus d1] 82ebrid8 iha fheadicidn WehI36 barweRAt thasdurfdies
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semi conductor material, which inpairs the function of the wafer, from

25bei ng abl 84 isadamented ps eecivfuit Rerfpaehayingt cordact mytofizahens

sem conduct qQk I is sufficient for evaporation of the flushing
liquid 10 i%”?%g&ggggg% "the liquid neniscus 31, 32. Through the
evaporation of the flushing liquid 10 in the area of the liquid
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liquid neniscus 31, 32, the surface tension of the |liquid
using the thermal radiators 23, which are separated from the liguid 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 area
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 flushing 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 liguid

meniscus is also reduced through the heating of the semiconductor



meni scus is al so reduced through the heating of the sem conductor 8
material in the area of the liquid neniscus 31, 32, so that the
wetting properties of the flushing liquid 10 are increased in area of
t he surface neniscus 31, 32 and better drainage of the flushing
liquid 10 fromthe surfaces 29, 30 is achieved. 5 The therma
transition, which is essentially restricied to the boundary area

bet ween the surfaces 29, 30 of the wafer 13 and the |iquid neniscus
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31, 32. Thi suagiaptageous Affiecdd.is al so supported by the sel ection

of a lowering speed of the liquid | evel 28 which allows a contact

time between the surfaces 29, 30 of the 15wafer 13 and a liquid

meni scus 31, f iG] . heye : F [ :
Procecdi ng 11 ipt Rt ThERLiSE, SRIUC SRR AR o2 TP L6R] uBLuERS

i | lustrated arpa Begvedn ttee bunfeces329,f 3 médhdetafieh3 tahd thedidwddl revelsc28

and the gla l.ate 2025 becones continuously_larger.as the liquid
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from condensi ng above the liquid |level 28 on the surfaces 29, 30 of

the waf el? 1DoAg4RIY aFe%esoddal phigcerhthareiveAhosurigco dpsipaiaddhsy t he
ventilation f'l"LYHhtingTiquig is essentially maintained and drops are prevented from

forming in the area of the liquid meniscus 31, 32. This advantageous

effect is 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.



CLAIMS 1. A nmethod for drying circuit substrates (13), in particular
sem conductor substrates, in which a circuit surface (29, 30) of the
circuit substrate received in a receiving system (12) is flushed
using a flushing liquid (10) in a flushing step and the circuit
surface is dried in a subsequent drying step, the circuit substrate
being noved in the flushing step in the 8irection of its planar
extension transversely and in relation to a liquid level (28) of the
10flushing liquid in such way that a ¢Langsneniscus (31, 32) forns
at a transition area (35) between the circuit surface and the liquid
I evel, which changes because of the relative noverent, and thermal
radiati-on (36) i ﬁawﬂlpéofwdrvhm waniéismib@‘rramsg(d 3etit Bdgtmla?e i qui d
nMeni scus in the dryj: i t radi at.or__unit
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and above the circuit substrate. .2. .met hod .accordin o claim 1,
characterized in ‘tH% atfﬁé‘%ﬂﬁg If%ﬂ%e@?iﬁn fﬁ)’sq}lgga‘ﬁ_?ﬁ I"‘Eg th%lch‘gf“éh
infrared radi at orsur@d.i¥heisetihedudseredit fying skl MelcBEud substrate
characterized in that to performthe relative nmvement between the
liquid level (28)PspMREdin i fusupststar én (AyireeHencaf daiplanar
substrate is situgt@dibn @ vEIsNLAG ihi9picthd 4O} 1f 'ﬁ'né@@'l {?&a%‘éﬂe
container (11) and the |iquid 30l'evel 1s [owered. 4.The netho
accordi nf to one fBishimg lisréd édisngh ova that achariacmeniscad B, BAxTorms
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 using a thermal radiator unit
is (22),
characterized in that
thermal radiation is applied using the thermal radiator unit which
is situated both above the receiving system (12) and above the

circuit substrate,

20
2. The method according to claim 1,

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

25 3. The method according to claim 1 or 2,
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 (1 1) and the liquid

30 level is lowered.

4, The method according to one of the preceding claims,

characterized in that



|0 thermal radiation (36) is applied transversely to the liquid |evel
(28). 5.The nethod according to one of the preceding clains,
Scharacterized in that multiple flushing steps are performed through
repeated fl ooding of the bath container before performng the drying-
step in the bath container (11). A device for perform ng a nethod for
drying circuit substrates (13), in parti@ular sem conduct or
substrates, according to one nore of clains 1 through 5, having a
bat h cont ai ner (1thermghirediationpi3éviisledplied hrausvierdelpwo the tiquié)leardd
an outfl ow unit (%%é and is closable using a cover unit (20), and a
recei ving systen1%’ ), 15which 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 int di rection of a container
floor (14), %-nd hEG H‘getgo? REP Pk mgéaif’é‘teo?fh ifi“e&?‘%)ﬂ,g HRYP&ct eri zed in

that the 4hernal drdiakeizednhtihbs Situated above the receiving system
so as to allow sinultanegus application to nultiple circuit .
substrates recei VBRIIIRIetiheshiBg siten narespatermed thippghdepe eledald eodidigraf

to claim6, char QEEEHaitEQGSiﬂnEpBEﬁ%"@EﬁI@Egﬁ'H L th@cﬁrg}ﬁr st it 2%a1l,S

provided with infrared radiators. 8. evi'ce acctording to claim6
or 7, characteri Z@gtiinet R4t).30t he thermal radiator unit (22) is
situated on the cover unit (20).

10 6. A device for performing a method for drying circuit substrates
(13), 1n particular semiconductor substrates, according to one more
of claims 1 through 5, 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 coatainer floor (14), and having a
thermal radiator unit (22),
characterized in that

20 the thermal radiator unit is situated above the receiving system so
as to allow simultaneous application to multiple circuit substrates

received in the receiving system.

7. The device according to claim 6,
25 characterized in that

the thermal radiator unit (22) is provided with infrared radiators.
8. The device according te claim 6 or 7,
characterized in that

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

9. The device according to one more claims 6 through 8,



9. The device according to one nore clains 6 through 8,

characterized in that the thermal radiator unit (22) is situated
above a transparent plate (25) for separation from a contai ner
interior. 510. The device according to one of clains 6 through 9,
characterized in that the bath container (11) is provided in the area
of the cover unit (20) with a ventilatioH unit (27). 1011. The device
according to claim 10, characterized in that the ventilation unit

(27) is situated Orwrapigrgsden thait (20).

the thermal radiator unit (22) is situated above a transparent plate

(25) for separation from a container interior.

5 10. The device according to one of claims 6 through 9,
characterized in that
the bath container (11) is provided in the area of the cover unit

(20) with a ventilation unit (27).

100 11. The device according to claim 10,
characterized in that

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



