WO 2006/063936 PCT/EP2005/056368 1 Description APPARATUS
AND METHOD FOR DRYING DISK-SHAPED SUBSTRATES [0001] The
invention relates to a device and a method for drying disk-shaped
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Such holding means for holding a single disk-shaped article can be a spin
chuck as disclosed in US4903717. Wjth such a device means for holding
a single disk-shaped the disk ﬁﬁ@@'m@]@e.g. semiconductor wafer,
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liquid used is much too high especially with respect to cost of replacing liquid, fire
hazardousness and environmental questions, If vapour is used the amount is possibly
too low to achieve sufficient Marangoni effect. To increase vapour concentration it

would have been possible to increase temperature in order to increase vapour pressure
however this leads to another problem of fire hazardousness.

f0005] The invention meets the aforementioned objectives by providing a device for drying
a disk-shaped substrate comprising
° means for holding a single disk-shaped subsirate
® means for supplying rinsing liquid onto the disk-shaped substrate surface
. means for generating an aerosol being connected to a drying liquid source for
feeding drying liquid to the aerosol generator and
. means for supplying said acrosol onto the disk-shaped subsiraie surface.
[0006] The term aerosol shall mean a gas liquid mixture wherein the disperse phase is

liquid and the continuous phase is gas. The average droplet diameter is typically below
10 pm. Other terms used for aerosol are mist and fog.

f0007] Means for supplying rinsing liquid onto the disk-shaped substrate surface can be
spray nozzles or a nozzle dispensing a free beam of liquid.



feeding drying liquid to the aerosol generator and means for supplying
said aerosol onto the disk-shaped substrate surface. [0006] The term
aerosol shall mean a gas liquid mixture wherein the dlsperse§hase is

Wﬁ&i’aéé%@?ﬁe continuous phase is ggs. The average dropletP iffetdrfgoses

typically below 10 gm. Other terms used for aerosol are mist and fog.
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[0014] In another embodiment the means for rotatable holding a single disk-shaped
substrate further comprise a plate parallel to said disk-shaped substrate when being
treated in order to provide a gap between the disk-shaped substrate and said plate.
During rinsing and drying the disk-shaped substrate rinsing liquid is introduced into
the gap and thereafter easily replaced by the aerosol.

[6015] Advantageously means for supplying said acrosol comprise at least one aerosol
nezzle. Preferably said means for supplying said aerosol further comprises means for
moving at least one aerosol nozzle across the surface of the disk-shaped substrate. E.g.
the at least one aerosol nozzle can be mounted on a swivel arm. This enabies that the
aerosol nozzle can be scanned across the disk-shaped article in order to reach every
region of the surface.

[0016] The means for applying said rinsing liquid may comprise a rinsing nozzie.
Furthermore the device may comprise means for moving said rinsing nozzle across the
surface of the disk-shaped substrate.

[0017] For drying under a specific atmosphere (e.g. inert gas) the device may further



controlled in order to achieve best drying efficiency. [0014] In another
embodiment the means for rotatable holding a single disk-shaped
substrate further comprise a plate parallel to said disk-shaped substrate
WEhEHHISHES treated in order to provide a gap between the FEILERAEG6368
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[0028]

rinsing liguid. Such drying liquid can be an alcohol, e.g. ethanol or 2-propanol.

Applying drying liquid to the rinsing liquid, which shall be displaced, in the form of
an aerosol rather than as a pure liquid or vapour helps to control the exact surface cen-
centration on the rinsing liquid being on the substrate sarface. The control of the exact
surface concentration is advantageous to hold the optimum with respect to achieving
Marangoni effect and minimizing environmental impact and fire hazardousness.

In a second embodiment of the method the disk-shaped substrate is rotated about an
axis substantially perpendicular to the disk-shaped substrate surface at least part of the
time during aerosol is supplied to the disk-shaped substrate. This helps to enhance
drying efficiency by spinning off the liquid.

In a third embodiment of the method the liquid and aerosol are at least part of the
time supplied simultaneously.

In a fourth embodiment of the method the point of supply of the acrosol moves
across the surface of the disk-shaped substrate.

In a {ifth embodiment of the method the point of supply of the rinsing liquid moves
across the surface of the disk-shaped substrate.

Furthermore a method for drying a disk-shaped substrate is provided wherein both



applying an aerosol onto the disk-shaped substrate surface wherein the
aerosol comprises a drying liquid as disperse phase and an inert gas as
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the substrate size. On less sensitive substrates volumes below 0. Imi/min are also
sufficient if the surface is strictly hydrophilic or hydrophobic. The voluine flow shall
be optimized in consideration of cleaning efficiency versus aerosol A consumption.

[0037] The apparatus shown in Fig. 2 is based on the apparatus shown in Fig. 1, However,
the wafer W support is placed in a closed chamber with a housing 20. The nozzle 1
supplies the acrosol A into the chamber 3. Alternatively inert gas {e.g. Nz, He, Ar, Ne)
can be supplied to the chamber 3 through an inert gas nozzle (not shown), Inert gas can
also be supplied as a carrier gas for the aerosol through nozzle 1.

{0038} The apparatus shown in Fig. 3 is based on the apparatus shown in Fig. 1 and Fig. 2.
However, a plurality of aerosol nozzles 1 are used.

[0639] The apparatus in FFig. 4 shows a wafer W, which is held between two parallel plates
41, 42, The wafer is tightly gripped by gripping pins 43, which are mounted to the
upper plate 41. For releasing the wafer W these gripping pins 43 can be excentrically
moved. For loading and unloading the wafer the upper plate 41 is lifted by a lifting
mechanism {not shown).

[0040] In the gap between the top plate 41 and the wafer W as well as in the gap between



and spraying conditions are selected in order to uniformly cover the wafer
surface. Thus aerosol A will cover the full wafer W area wherein an
aceotrop is formed and the water is removed by the aceotrop.
VEAleaEsasly due to the aerosol A droplets, which condeR$&/ER2{PAETE368
surface and dissolve in water, the cohtact angle (surface tension) will be
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coagulate and/or condense on the chamber’s walls or the liquid surface on the
chamber’s bottom. The so collected drying liquid exits through liguid exit 23 (24) and
is either drained or recycled back to the aerosol generator 11 (12). Consequently the
acrosol contains droplets of a smaller average size. Furthermore it is advantageous to
heat the aerosol pipe leading to the acrosol dispense opening 51 (52). This helps to
avoid condensing of the drying liquid in the aerosol pipe.

[0043] The apparatus shown in Fig. 6 is based on the apparatus shown in Fig. 1. Ad-
ditionally a streaming-optimised cover 50 is mounted to the aerosol nozzle 1, which
has the shape of a bell. Alternatively the cover 50 may have the shape of a showerhead.
The diameter of the cover 50 corresponds to the respective waler size. During
processing the cover 50 is brought to close proximity to the wafer W by a lifting
mechanism {not shown). The remaining gap between the cover 50 and the wafer edge
shall be 2mm. A chucking mechanism (not shown) holds the wafer W during the
process. The chucking mechanism can rotate the wafer.

[0044] The aerosol nozzle 1 introduces the aerosol A into the space between the cover 50
and the wafer W.



moved. For loading and unloading the wafer the upper plate 41 is lifted by
a lifting mechanism (not shown). [0040] In the gap between the top plate
41 and the wafer W as well as in the gap between WO 2006/063936
WEPEPFI51056368 5 the bottom Plate 42 and the wafer RCAERHBHAS¢368
introduced through openings 51, 52 “in the respective plate. The size of
the upper gap is./nun; the size of the lower gap is 2mm. The aerosol A is
100450 eratSiP P RETIEQER e B IS CEILL(E e ALy atidter edge.
supplieest ek iheedrnaegAdhen on sheralenyings iguls (angr reRosthegover 50
to thenihjegtor ofizgleddsil? fwhetertisitanafapned intgagrosghA. The
[oodgrosotrntaduced ini. ihe HpPenandlawergan,fsRIRCES dhe Preyigusiy.
applied rlq?lngdﬂuld. T,her%aﬂeghaeaosol conde sg)g ,néhe wafer sur.fac§as ds is
and plate stfaces, ReMaiRing' finsing Totd eéidles YiSEBIE T fiasme liquids is
condErBEd Rty hguialer Heorpe e ispsnasiprfofiire dhe ARy Hdhfdwaflr W as
be carrtetoeuit bystheprpheries.gas during and after the aerosol generator is
[oooperated.tiewey eleheARPAIATUR ¢aN RIRE BR: Yogd T Shyingr realing e
one(zﬁllﬁlC PJ t%%é’ﬁ%é‘?&ﬁ’vaE?&&ESBJQ\,CJQ&ra”y drying liquid residues purging
with'inert gas is carried out as a subsequent step. Aerosol A and purging
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Furthérinaranix relgvabirdbestssd nozzle 1 follows the dispense nozzle 61 when it
moves from the centre to the edge of the wafer W. When following the dispense nozzle

61 the distance between dispense nozzle and aerosol nozzle can be kept constant or can
be changed. This shall be optimised with respect to the drying efficiency. If distance
between aerosol nozzle and rinsing liquid dispense nozzle shall be constant the aerosol
nozzle can be mounted on the same arm 60 as the dispense nozzle. Aerosol simul-
taneously condenses on the rinsing liquid surface as well as on the wafer surface.
When scanning across the wafer rinsing liquid is directly displaced by drying liguid
(deriving from the aerosol). Remaining rinsing liquid evaporates together with drying
liquid from the wafer surface (e.g. as an aceotrop).

10051] ‘The apparatus shown in Fig, 9 is based on the apparatus shown in Fig. 8. However,
a second dispense nozzle 63 is mounted on a second dispense arm 62. This
embodiment of the invented method enables further optimization of the drying process
especially at the edge of the wafer. It allows different motion speeds for the rinsing
liguid supply arm and aerosol supply arm for drying,

10052] Fig. 10 shows an alternate dispensing system for the aerosol comprising a plurality



heat the aerosol pipe leading to the aerosol dispense opening 51 (52).
This helps to avoid condensing of the drying liquid in the aerosol pipe.
[0043] The apparatus shown in Fig. 6 is based on the apparatus shown in
WEIGUE A Hitionally a streaming-opgimised cover 50 is moubted g Hase368
aerosol nozzle 1, which has the shape of a bell.. Alternatively the cover
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corresponds to the respective wafer size. During processin Te cover 50
is MR BSe e Phits b RS RARSS 0 Y '3 rﬁﬁﬁgﬁaﬁ@% Hnism (not
shown). The remaining gap between the cover 50 and the wafer edge
shall be 2mm. A chucking mechanism (not shown) holds the wafer W
during the process. The chucking mechanism can rotate the wafer. [0044]
The aerosol nozzle 1 introduces the aerosol A into the space between the
cover 50 and the wafer W. WO 2006/063936 PCT/EP20051056368 6
[0045] Aerosol A is exhausted through the gap between the cover 50 and
the wafer edge. Aerosol droplets condensing either on the wafer W or on
the inner wall of the cover 50 can be spun off by spinning the wafer
and/or carried out by purging gas. [0046] The apparatus shown in Fig. 7 is
based on the apparatus shown in Fig. 1. Ad- ditionally a dispense arm 60
with a dispense nozzle 61 for dispensing rinsing liquids is arranged above
the wafer in order to dispense onto the same surface of the wafer W as
the aerosol A is supplied to. [0047] A chucking mechanism (not shown)
holds the wafer W during the process. The chucking mechanism can
rotate the wafer. [0048] The dispense nozzle 61 may be static or
moveably mounted above the wafer W. If moveably mounted, the
dispense nozzle 61 may scan across the wafer surface in order to rinse
each and every part of the wafer surface. When the wafer W is rotated the
dispense nozzle 61 may move simply along a radius to reach each and
every part. of the wafer surface. [0049] Advantageously dispensing of the
rinsing liquid starts at the centre of the wafer W and moves towards the
edge of the wafer W. In this case aerosol A condenses on the liquid
surface of the dispensed liquid. The rinsing liquid/drying liquid boundary
layer
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hereby slowly moves across the wafer W (from the centre to the edge). A
preferred moving speed of the dispense nozzle 61 is 0.5 to 5mm per

second. [0050] The apparatus shown in Fig. 8 is based on the apparatus
shown in Fig. 7. However, the aerosol nozzle 1 is mounted on a separgi€s| | p
arm (not shown). Therefore the aerosoB nozzle 1 can be moved across

the wafer W in close proximity to the wafer surface (e.g. 0.5 to 2cm).
@aifesably the aerosol nozzle | follows the dispense nozzle 61 when it

moves from the centre to the edge of the wafer W. When following the
dispense nozzle 61 the distance between dispense nozzle and aerosol
nozzle can be kept constant or can be changed. This shall be optimised

ith resaergdhe I elbkisnsiel dissancrobepryAgrosol nozzle

and rinsing liquid dispense nozzle shall be constant the aerosol nozzle

can be mountBEasIS e Ealidalbnhelding ;heinglisctisk-sbzprd AuRsdmte in
simul- taneoysly;sORER PRASRM the rinsing liquid surface as well as on the
wafer surface. When scanning across the wafer rinsing liquid is directly
displaded by SIS RESAYME TR likbrniBlihREIRkiARRPRHIHg Strate
liquid evaporatasdagether with drying liquid from the wafer surface (e.g.

as an aceotrop). [0051] The apparatus shown in Fig. 9 is based on the

appardtus shoivRie f%_g@qq BgeRD geRsH PeiRpSHReEAd 8 drying
mounted on %@ﬁ%&ﬁ&@%&%@dlﬁé@rﬁ@sli@ﬁ@@%@s@%@@ﬁﬁﬁ and

method enables further optimization of the drying process especially at
the edye of tHRSFAROTSHRNERAKLPRIBEGhUPaLHS ﬂi?hﬁ%ﬁ%ﬁéumﬂm

liquid supply g{izsed aerosol supply arm for drying. [0052] Fig. 10 shows
an alternate dispensing system for the aerosol comprising a plurality WO
2006/063936 PCT1EP20051056368 7 of aerosol nozzles 1. The space

Above Reivaiacdirisifesblaprovided withtperaral s fodgitieiatydnee

wafer W can be rinsed as shown in Figs. S 7 and 8. 8 MCSLLP. Claims: .

1. Deﬁ@é‘?ﬁPE?ﬁ%’%\%%ﬂ%ﬂ%%‘g&? O LA BIRARCERRISHRG S vibrating
rotatalilehalairg 2 lsigg|pristurbsinerd shatyaienchanzanahpasiionle, which
A RN DS Ao i 2Nt Ui Sl SMaRRd SYRS TR 2 two fluid jet

nozzle.

3. Device according to claim 1 wherein the means for generating the

aerosol comprise vibrating elements.

4. Device according to claim 1 wherein the means for rotatably holding a
single disk-shaped substrate further comprise a plate parallel to said
disk-shaped substrate when being treated in order to provide a gap

between the disk-shaped substrate and said plate.

5. Device according to claim 1 wherein the means for supplying said

aerosol comprise at least one aerosol nozzle.
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surface means for generating an aerosol being connected to a drying 10
liquid source for feeding drying liquid to an aerosol generator and means

for supplying said aerosol onto the disk-shaped substrate surface. 2.  MCSLLEP

Device according to claim 1 wherein the means for generating the 15

aerosol comprises means selected fromy a group comprising of vibrating
elements, a high pressure liquid spray nozzle, an air brush nozzle, which

s conrﬁmmétac@@m'@wmaﬂm MMMg:omﬁesiggsmaﬂ\amvaﬁbum@ht least

nozale, 30 3. Bece acfording o ciain L unelelp e peans [ o yoro
genera‘?ﬂng%ﬁe derosol comprise w%ra‘tlng elements. i 5 Vice accoror

to claim 1 wherein the means for rotatably holding a single disk- shaped

pubstiafe futher compse s glafe Ratalel 92010 23 Rk SHB0RM, saia rinsing

Substrate when b eing treat 0 prowde agap

disk- shqpeﬂmrbsmamaandssagjrpiaQeS Device according to claim 1

wherein the means for supplying said aerosol comprise at least one

aerosol nozzle. 30 MCSLLP 9 6. Device according to claim 5 further
Somprisagoacaes fding dvitigiat [ asthencampssingonganciossrbeng rinsing

S“rfacﬂ&%éﬁea%%%é*%ﬁees%ﬁ%é% §1e7 dBE"é@ g GUG Lpeclaim 1

wherein the means for applying said rinsing uid comprise a rinsing
nozzle. 8. Device according to claim 7 further comprising means for

@OV'”%BOEQ%&%GH&F&O&QNQ SurAee obtheridisly shaprdt %%Fﬁte 10

9. Device according to claim I further comprising a cover, which

corresp@l‘f@é‘;m@mﬁé oherake @%W@M@@@%m@@t&b@i@f@dﬂt@@@vé@ cover
said d'§5t§@9€§i§éﬂt@§g§%§@a@ev'ce according to claim 1 further
let s

comprising a dro eparator, which

10.  Device according to claim 1 further comprising a droplet separator, which
is operatively arranged between the means for generating an aerosol

and the means for supplying said aerosol.

11.  Method for drying a disk-shaped substrate comprising the steps of
. providing a single disk-shaped substrate in a horizontal position
. applying rinsing liquid to the disk-shaped substrate surface
. applying an aerosol onto the disk-shaped substrate surface
wherein the aerosol comprises a drying liquid as disperse phase and an
inert gas as the continuous phase,
wherein at least part of the rinsing liquid is present on the disk-shaped
substrate during supply of the aerosol and aerosol droplets condense on
liquid surface, and wherein said disk-shaped substrate is rotatable about
an axis substantially perpendicular to the disk-shaped substrate surface
at least part of the time during aerosol is supplied to the disk-shaped

substrate.
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15 is operatively arranged between the means for generating an aerosol
and the means for supplying said aerosol. 11. Method for drying a
disk-shaped substrate comprising the steps of providing a single MCSLLP
disk-shaped substrate in a horizontal position 20 applying rinsing liquid to
the disk-shaped substrate surface applging an aerosol onto the
disk-shaped substrate surface wherein the aerosol comprises a drying
figuid ddettspemsecphdisg &mdiam inérvbaseas the cositgudysigaaskeaerosol are
iere AL iRsbPb el P4 U AUILIE BIRERANERNG Aok shaped 25
substrate during supply of the aerosol and aerosol droplets condense on
liquid surface, and wherein said disk-shaped substrate is rotatable about

axi n c
B ems R A e Gl P bR B ferocol
substraceves MrSig theiuifachefiibe distortiagad sldstraiewherein the
rinsing liquid and aerosol are at least for a part of a time supplied
simultaneously. 13. Method according to claim 11 wherein the point of

$6pplyMethecharssorismie waiacidsyliveainrtae doite! disrriiiabdce rinsing
substrie;4n MDA ACCORING 191818} Ho MR RNABEPOIAfAUPPIY of

the rinsing liquid moves across the surface of the disk-shaped substrate.
10 15. Method for drying a disk-shaped substrate wherein both sides of

f2e dishz3haRed MR FeAtedi Oy & B5ERad B R D R SRR tisides of the

disk-shaped are treated by a method according to claim 11.



