WO 2006/056543 PCT/EP2005/055979 1 Description APPARATUS
METHOD FOR WET TREATMENT OF WAFERS [00011 The invention
relates to a device for wet treatment of disk-like substrates comprising a
%ﬁgﬂ{%ﬁs&\g 51 a size and shape being able to overlap a disk-like substaa%}gssﬂg
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disk-like substrate about a rotatjon axis.suEstantialIy perpendicular to said
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[0005] Both devices have the disadvantage that the centre of the wafer may be poorly
cleaned because it is hardly agitated by ultrasonic (if used) due to shielding through the
fluid inlet, and the liquid does not flow across the wafer parallel to the wafer surface.
Flowing across the wafer is helpful to transport loosened particles away from the wafer
surface no matter whether ultrasonic is used or not.
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[0006] Therefore investigations have been made with an eccentric Liquid supply. Such
eccentric liquid supply however leads to the disadvantage that it might happen that
liguid introduced to the dry gap does not properly wet the centre of the wafer or the
drying of the wafer might become a problem due to non-radial conditions.

[00G7] It is an object of the invention to sitnuitaneously solve the problems of wetting the
centre of the wafer and properly cleaning the centre of the wafer.

[0008] Other objects of the invention are to further enhance cleaning uniformity and
cieaning efficiency.

[0009] The invention meets the objects by providing a device for wet treatment of disk-like
substrates comprising



[0008] Other objects of the invention are to further enhance cleaning
uniformity and cleaning efficiency. [0009] The invention meets the objects
by providing a device for wet treatment of disk-like substrates comprising
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means for holding a disk-like substrate parallel to said first plate in a
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[00?9] the %qu;g\?aggagcg‘uasyi}) s?ji'c"isherfsltJ ldtlgper sitnge o%lgrifﬁl!gkgv}?e% Sggéem said first position
includes the rotation axis whereas it does not include said rotation axis in said second
position.

[0013] The current invention brings the advantage that within one and the same device
liquid can be introduced selectively either in the centre or off the centre of a rotational
movement of a disk-like substrate when being treated. For instance it may be ad-

- vantageous on the one hand to clean a disk-like substrate when liquid flows across the
central area of a disk-like substrate without being disturbed by any element such as a
dispensing opening. On the other hand it may be useful to dry the disk-like substrate
thereafter by introducing drying gas to the rotation centre of the disk like substrate.

[0014] Preferably said shifting means are for changing the distance d of said first
dispensing opening to the rotation axis from d! fo d2, wherein d1 is in the range of 0 to
Imm and d2 is in the range of 3 to 20mm. Such shifting means comprises driving
elements such as a belt drive, gear drive, pneumatic cylinder or ball spindle. The
shifting means may either shift said first plate or may shift the rotatable holding means
i.e. the rotation axis may be shifted.

[0015] A device according to another embodiment further comprises a second plate sub-
stantially parallel to said first plate so that a chamber is provided by the two plates in



thereafter by introducing drying gas to the rotation centre of the disk like
substrate. [0014] Preferably said shifting means are for changing the
distance d of said first dispensing opening to the rotation axis from dl to
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Advantageously said. holding means and said second plate are coupled to
each ot era(t%cé/)r?l%mgl%tatable holding unit (a spin chuck). [0019] A
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. shifting the position of said first dispensing opening with respect to the
rotation axis from a first position to a second position wherein the distance of
said first position to the rotation axis is smaller than the distance of said
second position to the rotation axis.

(00201 Advantageously said first dispensing opening when being in said first position
includes the rotation axis whereas it does not include said rotation axis in said second
position. The first position can be used for filing liquid into the first gap, rinsing and
drying the disk-like substrate. The second position may be used when cleaning liquid is
applied e.g. during ultrasonic treatment.

[0021] It is useful if one treatment step is carried out when said first dispensing opening is
at the first position and another treatment step is carried out when said first dispensing
opening is at the second position.

[0022]} Advantageously a first treatment step is carried out when said first dispensing
opening is at the first position and a subsequent treatment step is carried out when said
first dispensing opening is at the second position.



rotation axis from a first position to a second position wherein the distance
of said first position to the rotation axis is smaller than the distance of said
second position to the rotation axis. [0020] Advantageously said first
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dispensing opening 26 in its centre for receiving a fluid nozzle. The spin chuck 25 is
mounted by a coaxial hollow shaft to a hollow shaft motor 37. The rotation axis A of
shaft and spin chuck 25, about which the spin chuck 235 is rotated, is perpendicular to
the plane surface 20. Within the hollow shaft a tube 24 is inserted coaxially. The tube
is welded to the plane 20s at its cenitral dispensing opening. The fube may either serve
as housing for different fluid pipes (e.g. for liquid and/or gas) or may serve as flid

pipe itself. For connecting tube 24 to a tubing system a rotating union (not shown) is
used.

[0030] A lower plate 10 is arranged below the spin chuck 25. The lower plate 10 has a
plane surface 10s facing the spin chuck 25 and being substantially parallel to the plane
surface 20s of the spin chuck 25. In other words parallel pianes 10s and 20s form a
chamber, which is circurnferential open to ambient. The space between the two planes
is provided for the wafer to be treated. The wafer then will be sandwiched between
planes 10s and 20s. A borehole 14 in the lower plate 10 opens in a central dispense
opening 16 being located in the plane 10s. The borehole 14 may either serve as



centrically moved or tilted for gripping and releasing the wafer W. The
mechanism (not shown) for moving gripping pins can be similar to the
mechanism disclosed in US4903717. The spin chuck 25 further

comprises a chuck plate 20 with a plane surface 20s parallel to a wafer
W@ﬁ’ﬁ%ﬁﬁ"treated and covering the wafer. The plane 20s haBGI/EP2005/055979
dispensing openlng 26 in its centre fot receiving a fluid nozzle. The spin

chu%k 25 %eéjtb ua coaX| l‘é \ﬁ shaft to hollow shaft motor 37.
The Yotahon Baky F Atk iﬁ%s fri AU ﬁ%ﬁ FERAL K as fluid pipe

chudl®g5 1 ek, ¢ \ﬂ@ﬁa@mmﬁwerﬁ@ e il dewro pliehifl thbich then

holloerefaft a tedoeadr islinsarteshghaxiadlyplkhel Wiberdsweldeddoithaen

p|a”§&%ﬁ%ﬁ%%@%¥§ﬁ&f§&§£‘%’lﬂe%%m J\Iaef & A GHRG! SErYe sua Tace.
usmqhor dlfferenfilwd 5%% for liquid and/or gas) or may serve

ﬂwd PiP& iPSARPE SF Rl ﬁ@’ﬁﬁnﬁf%%ﬁﬂ?ﬁb@Vﬁe‘?ﬁﬁ ﬂ&ﬁﬁ‘ﬁﬁe moved sub-

unioHAHE BrRARRIISouBe #1400 58} Avdwerptatent G4s cittenbed betenntheement or

sEinmuuhgzagowe tewer, Mﬁlﬁﬂ;@ drasnaipkang ﬁiéﬁétﬁ@oh@é fa@iz’vgntgﬁssm Qfurther

chu t t ne sur S 0

spin q{?fﬁ??(@@%?ﬁ%%g%v%rds pa%a%?&ﬁgn%ﬁs 1 %D%%r{aofﬁs f(%)i?f%movemem

cha BB EREThFHAL BB EHE G568 Besposition P,

the tWwislaniesh |gﬂp$dhrdeglﬁ6mtﬂ6masepwmgréateﬁa TevenwafesitibarPWilFig. 2),
be S@H&W@J@Qﬁsb@i@é&ﬁi&nﬁ@@&l@ﬁ A éQsion PO AR IRRAPWRErried out

platg, 10 Qpens.| ral dispense. open 16 being located in the
plane)lIOs %Ee f)%%e%g? g rP%elt er %r\(/ri:-:- ng WO 2006/056543

(0038 T/EPOVEBRIEE 9 9s SORBERFGShemmErahbnkidd e a@eeiRsmenis P and 36. In
and/origras)chrngayisehiseias: thaick pipevitse W Al nalityvef plit@sonidifting motor 34
trang@id¢gs S pendined tosthe lower plate 10, which then serves as a

onator plate. Tho h lower Iatel ultrasoni¢ energy is then = .
100 [ﬁansrilif%eg romptra{%ggdcglfrs{: '%gffﬁé“%n%&u%%‘ﬁ‘&ﬁﬁé.gﬁ?ﬂa‘%th%%‘fapmf
surfd shens i wiHehyeayia O ewikedmare hovkasplagesha tespdoivety. The
platéo$@rosiadb énrovedk s ubaistamiallyparaitidotheplane 10s: SuGhot shown) or

mo%ﬁﬂ%%?%ﬁh@'tf@fs%ﬁdm@ﬁﬂ?ﬂf %Hi%@t&%%%ﬁ%@%@&%‘tﬁlg‘?b%% collector

which is eccentric with respect to, the rotation axjs A (further desc

with rt-?flgrencguicgul151 ? and Igc CHF R IHS0 2 5P sl Higriy afer during wet
(illusteateem e b/ ayid vodspirethbralsgers orspimimya ghfedwiiarfirst the annular

posifian. Phe Mvpétedidsids goamthmmgisibadisnense Qpanine l@z&%@mcmd
SecandpASUBHVE i Al WDEFG: ‘i‘%‘éeﬂ} ﬁ Q@%lgﬁﬁpiggn'é 5 15&%11‘ Lying { from wet

rotatlon axl|s %The movement carrle 0 ear motor

pneUSatE Ly IAG e Tu%3F 1?6 {5 RS B4E! S e R 6 MRS 9P dﬁLft‘ISer than
25 i RHiprdEEsienes B0 spid d8icn2brashad bhdingiepte disthadeserted into the

betiigeit wafesryy Badihe owenplrid0a e motay 3. The gap shall be small
enough fo seal the wafer against the ambient during treatment but big enough to avoid
friction between the spin chuck 25 and the liquid collector during the spin chuck 25 -
being rotated. Furthermore the liquid collector shall allow the horizontal shift H
without colliding with the spin chuck 25,

[0034] Following a cleaning method according to one embodiment of the invention is
described with reference to the above-described device shown in Fig. 1 and Fig. 2.
[0035] A semiconductor wafer shall be cleaned during integrated circuit manufacturing.

[0036] The device is opened by lifting (V) the spin chuck 25 from the lower plate 10 to
open so that the gap between the plate of the spin chuck 25 and the lower plate has a
distance of 20mm. The gripping pins 22 are opened and the wafer is entered into the
device. Thereafter the gripping pins 22 are closed to securely hold the wafer and the
spin chuck 25 is lowered to bring wafer W in close proximity to the lower plate 10.



lifts the spin chuck 25. [0033] The lower plate 10 is circumferentially
surrounded by an annular liquid collector (not shown), which may also be
called cup, bowl or splashguard respectively. The lower plate 10 is sealed
ain liquid collector with an 0-ring seal (not shown) or the lower
vgﬁga%éﬂ%g?sgﬁart of the liquid collector gr welded thereto. The |iEfii‘aFcP&ﬁ8%’PéP979
comprises an annular duct for collecting liquid, which is flung of the wafer
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UPPgS @Hf& Halihe et piate. %PJ%TF&%‘C’W&%‘%EEEQSQ 1 o, e vered
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welhapdhesur facsutOshefetife Aomwamptadé nitrogen and 2-propanol vapour is preferred.
Displacing cleaning hiquid with gas brings the advantage that the cleaning liquid can be
recycled without any significant loss. Thereafter both wafer sides are rinsed with de-
ionized water (DI-water).

[0040] If cleaning liquid is directly displaced by a rinsing liquid (such as DI-water), in-
termediate liquid, which is a mixture of cleaning liquid and rinsing liquid, cannot be
recycled and thus has to be run into drain.

[0041] No matter whether cleaning liquid is directly displaced with rinsing liquid or with
gas the rinsing liquid is displaced by drying gas (e.g. dry air, nitrogen, 2-propanol
vapour or a mixture thereof). During applying drying gas spin chuck 25 may ac-
celerated up to 100 rpm in order to further enhance drying efficiency.

[0042] After drying the device 1 is opened again and the wafer is picked from the spin

chuck 25,



10. Simultaneously the upper gap 21 between the wafer and the plate 20

of the spin chuck 25 is filled through dispense opening 26. [0037] When

both gaps 11, 21 are filled the lower plate 10 is horizontally shifted by

15mm 3 and the centre of the dispense opening 16 is moved to position
9 144 #431' hereafter transducers 18 are switched on (1500 M ZERa4#5/055979
the spin chuck 25 is rotated at a spin speed of 20rpm. Meanwhile volume

ws of.liquids through d| se openin 26 t constant
[004 ch at{: &?1%@“(5} %r %nu e. ‘fgu (E))v\(/]l‘ra’l\fjlg %ﬁij?%fe? a‘if ‘?l 4NG H5pasmism for
gap %ﬁﬂi%émemlaﬂmﬁféw&mwwmwd& Aremay Mirsepositietydleela second
[003gsitmthB2dispense opening 16 is now set off the rotational centre P1.
{0044?350%@8@&93{)1&%%@r&bdé@ﬁ?é‘a'tﬁ%&&%?@ﬁ%&'i{%& cpHEQt @%ﬂ%ef

because the centre is covered, hy the resqaator plate 10 0039

uItraSsuonr‘ﬁcnc m§ncﬂ §f8 ELS ERUGOG T REHERPERAE (R e © s
platdogeisd %ﬁ@@%&tﬂ’%@m Ebféﬂbmwwgai@ ok theowgtiional centre of the

dispepiseiopgnindchGotposiiontRijs &lesningdigesdhenvaqih) water didRsver plate 10
i NeFRAI IR e T e RpRcRik o 0aR ORI 935, S IR 86ELIRE

INst I'[ can_be nitrogen, 2- propanol vapour, water vapour o?em”%(x%mves from
the %[21% IR J %8;38‘??%8"2‘5?86’ ISP Es i HERST Ry, Preumatic
Disptatntgiciéanhegliciendevithogad brns ithdeadwdintage thgit thercledficty of P1 to
liquidl@mdaenw@yﬁ&d@\m@u@wﬁﬁmfm&momeeﬁe%tsﬁamﬁm wafer

ops3fles Iy €;/ nized water (DI-water). [0040] If cleaning liquid
Pdlread{? d??p acetghi;il a ?nsgg uid (such as DI-water), in- termediate
Gﬁ%wd Hith

%‘3% iR PEi GRraAd Ffsing liquid, cannot be
recycled and thus has to be run into draln [00411 No matter whether
cleaning liquid is directly displaced with rinsing liquid or with gas the
rinsing liquid is displaced by drying gas (e.g. dry air, nitrogen, 2-propanol
vapour or a mixture thereof). During applying drying gas spin chuck 25
may ac- celerated up to 100 rpm in order to further enhance drying
efficiency. [0042] After drying the device 1 is opened again and the wafer
is picked from the spin chuck 25. WO 2006/056543 PCT/EP2005/055979
7 [0043] Fig. 3 and Fig. 4 show schematic views from below of an
alternative mechanism for shifting the position of said dispensing opening
16 from a first position Pl to a second position P2. [0044] The lower plate
10 is circle shaped, rotatable mounted concentric with the
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surrounding collector and sealed against said collector.-The dispense
opening 16 is located eccentric to the centre C of the lower plate 10 but in
the rotational centre of the spin chuck which rotates about axis A. W
indicates the wafer. When the lower plate 10 is turned about its rotatigi&S ELP
centre C by an angle a the dispense oﬁening moves from the first position
Pl to a second position P2. The turning is driven by pneumatic cylinder
34. The distance d from P1 to P2 is Q%E’ﬁding on angle a and offset r of
Pl to the rotational centre C of the lower plate 10 and follows the equation
1. 0045]1%%1. 1éd = 2r sin a/2 [0046] If ris 15 mm and a is 50 d will be
t 13 RificRICSIEPT e EaRhS! (Tl F DEREENSH GRPHERent of

disk-like substsaiaseonOprStAG s2dikstiniaipd bohwithla ©ize angh shagelike
being able to overla&ga disk-like 5 substrate to be treated - holding means
(22) for hilifEYE HidE e Slostrate (W) parallel to said first plate in a

distance oh0idit@ means {2Qiatingdreans {ak)- e ratadingdhe gliskedike to said
substrate (W) about a rotation axis (A)_substantially perpendicular to said

first platef;gLr(ﬁjt L% Thaginany ﬁl@%ic(fd?%ith a first dispensing opening

(16) for intmausin@diid (310 Rfirstagap (el didktilecnsaidErshplaieuilO)otation

and a disk- like substrate: (W) when being treated.- at least one vibrating
clement (185 KADSSRRAT LU BTAEE RS e BLL ST e (10) 15
shifting messs d34} fieinghittiags el poit arfiof shigdirshgdisparismgl 6pgnming

(16) with respect.to the. ratation.axis (A) from a first positio -
second p%ﬁ%ﬁ?ﬁ% v%ﬁelﬁéfﬁatﬁ%%%% ,?lgjj’ (ije g‘gﬁ? Hirét pﬁgf?ié%%@ﬁoaﬁea disk-
rotation akls: @pisrsmaiiérihan thendistange of said second position (P2)
to_the rota atiitqga%%( s ge‘)"b%a%il? 002 [getvéfgg%_%%gg 1icnaglto 8!}.& i[@d Wa}ﬁreinsaid first
said first dispensiﬁa oﬁenlngg(i Whe eing in San irs position ?ﬁs )
includes thleteqtElion axis whereas it does not include said rotation axis

(A) in said second position (P2). [0003] Device accordin laim | further .
compriaig e o S e S e e B pine
so that a Chamiber risspeovidekbypt@Bthveitn@ plates ifiostderdoivedEileaa

disk-like %%Qgﬁrc%%&zgg (tﬁ%?t&getr% rg?ﬂ@'distance of said first position (P1) to the
rotation axis (A) is smaller than the distance of said second position (P2) to
the rotation axis (A).

[0002] Device according to claim 1 wherein satd first dispensing opening (16) when
being in said first position (P1) includes the rotation axis whereas it does not
include said rotation axis (A) in said second position (P2).

[0003] Device according to claim 1 further comprising a second plate (20)
substantially paralle! to said first plate (10) so that a chamber is provided by
the two plates in order to receive a disk-like substrate to be treated therein.

[0004] Device according to claim 3 further comprising second dispensing means
(24) for introducing fluid into a second gap between said second plate and a
disk-like substrate when being treated.

[0005] Device according to claim 3 wherein said holding means (22) and said
second plate (20) are coupled to each other to form a rotatable holding unit.

[0006]  Method for wet treatment of a disk-like substrate

- placing a disk-like substrate to be treated parallel to a first plate in a
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[0004] Device according to claim 3 further comprising second dispensing
means (24) for introducing fluid into a second gap between said second

plate and a disk-like substrate when being treated. [0005] Device MCSLLP
according to claim 3 wherein said holding means (22) and said 30 second
plate (20) are coupled to each other to%orm a rotatable holding unit.

[0006] Method for wet treatment of a disk-like substrate - placing a

disk-like sligfaneae%s-BéuroBrEd parallel to a first plate in a MCSLLP 9

distance ofQ.2iff ek 9tatingdhadisk i subriraie \ARiabRY @ stantially
rotation axis (A) substantially perpendicular to said first plate - inserting a
first liquiP@RsagH A sihERYiRYSpening (16) into a first 5 gap
beLween_Sﬁﬂﬁeﬁﬁ@%%%(%ﬁhmgg%aig k&ﬂf&iﬁp@ﬁf@@%fﬁéﬂaﬂg@mymo a first
substantially completely filling said first gap - applying ultrasonic. energy to
the disk-1#&P AHYHRSH aﬁt&a@@aztnﬁéh%é)&& %S&éffﬁ@t%ﬁfé?rﬁ%

substrategigatmeslly shiffingetherpasitianiaisaigfirst dispensing opening
(16) with respect to the 10 rotation axis (A) from a first posjtion (P1) to a .
second po SRR 18 2] FHER P HHE I CAbr LES T RFSE P BR AR 154E fdme
rotation agguécisdmalienshnsk-tite digiarae otsaid®econd position (P2)
to the rotation.axis (A). [0Q07] Method according to claim 6,ywherein said
st aisper N RGNS GATEH e SN ST DU QP oot o the
includes theathiatiais axisivhe rehsitpddtdag® hobinckde daiskdtat(®a))axisrein
(A) in said second position (P2). [0008 thod according to claim 6 _
horein oHE GSHBAL SHEb L RGE Bt O AP IFS, ieb Enblhgmelier than
opening ishatdRefirstofasiticadihd pasidandthen theateintstes iAdarried
hen said first dispensjng.opening is at the, second position (P2).

R e B S BAE SR S T
out whenvdaid firatodis erisingt ppeitiog (R1at tiotifiesttpo sitimm (R} anwticacas it
subsequent treatment step.is carried out when said first dispensin
opening S04 T Lo R nau By ooy S BagR .
[600BEreinMizehpd sitimmdfis aick stk dispensimgn? 5ropewrimcs 6isisashiftedt when
with respegt o {fie,rolalion s, (. during ShieAst A T e RS Do
ultrasonic energy Is ppheg’ td the Substrate.

treatment step is carried out when said first dispensing opening is at the

second position (P2).

[009] Method according to claim 6 wherein a first treatment step is carried out
when said first dispensing opening is at the first position (P1)and a
subsequent treatment step is carried out when said first dispensing opening is
at the second position (P2).

[0010] Method according to claim 6 wherein the position of said first dispensing
opening (16) is shifted with respect to the rotation axis (A) during at least a

time sequence when ultrasonic energy is applied to the substrate.



