WO 2012/ 056343PCT/ 1B2011/ 054386 1 METHOD AND APPARATUS FOR DRYI NG A

SEM CONDUCTOR WAFER BACKGROUND OF THE INVENTION 5 1. Field of the Invention
The i nverwoanmwsbates to a nmet hod and apparatus for dryiPog/rB2Eunidagse of a
di sc-shaped article. Mre specifically the invention relates to a nethod
and apparatus 10 for drying a surface of a disc-shaped article by rinsing
with an aqueous rinsing-liquid with subsequent rinsing with an organic
solvent. 2. Description of Related Art 15Techniques for drying a surface
of a di sc-shapetPlariNic|Ad Far TUpItEA IDRYSEd A B HMHE R@MCIOd UdtEdR | ndustry
for cleaning a silicon wafer during production processes (e.g. pre-photo
cl ean, post CMP-cl eaning, and post plasma cl eaning). However, such drying
met hods may bhe applied for_ 20 other plate-like articles such as conpact

di scs, PRESS  OF ettt €8EMegiét i ¢ discs or flat panel displays. Wen
used_.in sem conductor industry it may also be applied for glass substrates

(e.g” in sincoE-og-insulator processes), Il11-V substrates (e.g. GaAs) or
any ot het- = ¥ } used for producing integrated circuits.
Sever al dryiqﬂlnexhods are known in the sem conduct or
e invention relates to a method and apparatus for
drying a surface of a disc-shaped article. More
specifically the invention relates to a method and apparatus
10 for drying a surface of a disc-shaped article by rinsing

with an agueous rinsing-liquid with subsegquent rinsing with

an organic solvent.

2. Description of Related Art

15 Techniques for drying a surface of a disc-shaped
article are typically used in the semiconductor industry for
cleaning a silicon wafer during production processes (e.g.
pre-photo clean, post CMP-cleaning, and post plasma
cleaning) . However, such drying methods may be applied for

20 other plate-like articles such as compact discs, photo
masks, reticles, magnetic discs or flat panel displays. When
used in semiconductor industry it may also be applied for
glass substrates (e.g. in silicon-on-insulator processes),
ITI-V substrates (e.g. GaAs) or any other substrate or

25 carrier used for producing integrated circuits.

Several drying methods are known in the semiconductor



WO 2012/ 056343PCT/ 1B2011/ 054386 2 industry. One type of drying nethod uses
a defined Iiquid/gas boundary |layer. Such drying nmethods are better known
as Mar angwoi2otrogbiag nmet hods. US5, 882, 433 di scl oses a ceohimdi/Massngoni
spin drying 5 nmethod, in which deioni2ed water is dispensed onto a wafer
and sinultaneously a m xture of nitrogen with 2-propanol (isopropyl

al cohol) is dispensed. The 2-propanol in the nitrogen influences the

| i qui d/ gasbouidar YayePs Pk Haty 8 S drddeed grsefi entddcdids, which pronotes
the water running 10 off of the wafer w thout |eaving droplets on the wafer
( Mar angoli aEfd ant 9 bothelagas Idispenseiudi rascting frodtirowks téhee [beptial di spenser
while the liquid dispenser is noved fromthe center to the edge of the

waf er anchavri |es tiheravef@ti | & wipun, mestilcdid hat gas directly di spl aces the
liquid from 15 the wafer. U55, 882,433 al so discloses a nmethod where an

aqueous sol ution, dep remved dyo &k of Gl 1f Uld Qhgdioveuern @&hidnerease of
defects occurs when drying a wafer, particularly when drying the 300 mm

waf ees thaty afe NGheasi nal Yo/ AlAGING L ey use iy Ie ey 200 41m waf er 20
t echnol ogy.
and simultaneously a mixture of nitrogen with 2-propanol
(isopropyl alcohol) is dispensed. The 2-propanol in the
nitrogen influences the liquid/gas boundary layer in that a
surface gradient occurs, which promotes the water running
10 off of the wafer without leaving droplets on the wafer
(Marangoni Effect). The gas dispenser directly follows
the liquid dispenser while the liquid dispenser is moved
from the center to the edge of the wafer and while the wafer
is spun, such that gas directly displaces the liquid from
15 the wafer. US5,882,433 also discloses a method where an
aqueous solution is removed by an organic solution.

However, an increase of defects occurs when drying
a wafer, particularly when drying the 300 mm wafers that are
increasingly replacing the use of the older 200 mm wafer

20 technology.

The ever-increasing miniaturization of the devices
formed on semiconductor wafers also makes drying the wafers
more difficult. This is especially so considering that, as
devices formed on semiconductor wafers become smaller, their

25 proportions do not necessarily remain the same. For



The ever-increasing mniaturization of the devices forned on sem conduct or
waf ers al so nakes drying the wafers nore difficult. This is especially so
consi der iwgQ 20teaise34as devi ces forned on sem conduct or wafPeraBacoswmssmal | er,
their 25 proportions do not necessariBy remain the sanme. For WO

2012/ 056343PCT/ 1B2011/ 054386 3 exanple, a capacitor of reduced cell wdth
relative to a previous generation technology wll not always be
propor t i ol Sy |esyratitor wijdwied e et dtd) provatderadeyuat e sur f ace
area to achieve a target capacitance. 5 Thus, as sem conductor devices
become swmdvierys tdmigrasipecttedtnol dyequent Inoti rcheasese One can liken this
to the devel opnent of real estate in Manhattan: as space in the horizontal
di rect i gnsoecoims: ©Vef Ivge tElst r it ed,ew hef artey rdigdeaid @rdwiddhi ch to
build is up. 10The hi gher aspect ratios of ever smaller device structures
contri btesyiod heyndesided phenomenon of Cpajderducilange " in which the

dei oni zed water surrounding the device structures and remaining froma

e , . N r t r r i spi n
iraind s, AR A R v i e sl igren gled

15 drying, owing to t ative yl I gh sur on of the

water, whether_drying is effected wth or_ w thaut nitro as flow
SUMVARY @%gﬁﬁiﬁ\ﬁ%]ﬁ\l Lllfhcerep"jrseesse'nt C|£1nn?/ech g olnlq?eerf ﬁtehcjtss 1icﬁgcnrﬁgvent ors'
di scovery 20 that isopropyl alcohol ("IPA") cleans and dries surfaces of
di sc-sh ‘be]acfff@@c%soﬁtﬁ??‘y%o@r%taetﬁ ect iNBIA MiEh 115 i HEatdd tY a
tenperature in excess of 60C, and |ess that 82C (the boiling point of |PA).
Al t hough ®UrF e t ehisi o 107N 9 i RRA U YeaTeaalNor et Hasext ad 4 HHhelasi ng
tenperature, the

direction in which to build is up.

10 The higher aspect ratios of ever smaller device
structures contributes to the undesired phenomenon of
“pattern collapse,” in which the deionized water surrounding
the device structures and remaining from a rinsing step,
applies a destructive force to those structures during spin

15 drying, owing to the relatively high surface tension of the
deionized water, whether drying is effected with or without
a nitrogen gas flow.

SUMMARY OF THE INVENTION
The present invention reflects the inventors’ discovery

20 that isopropyl alcohol (“IPA”) cleans and dries surfaces of
disc-shaped articles much more effectively when it is heated
to a temperature in excess of 60°C, and less that 82°C (the
boiling point of IPA). Although surface tension of liquids
generally decreases with increasing temperature, the

25 improved drying achieved with IPA heated to temperatures in



25 inproved drying achieved with | PA heated to tenperatures in WO

2012/ 056343PCT/ 1B2011/ 054386 4 excess of 60C is significantly better than
woul d hawsohkeersexpect ed at such tenperatures. Theref or @eCTihzii/n388% i on nmay
be enbodied in nmethods for rinsing and drying di sc-shaped articles
followng wet chemical treatnent with inproved 5 prevention of pattern
col l apse. The invention is also enbodied in an apparatus for wet processing
of di sc-wHuped @f t¢tCeds cdunppedanitily bermierentsncyrtilguhedst §Sprovi de | PA
to a surface of the disc-shaped articles at tenperatures in excess of 60C
and appraacti e 82C. s UdTheenigssentuors 4 s Buwpiciag Wot lonfgntiiprt eraws of the
i nproved drying results achieved, but also in the discovery that |PA, which
i s combusd i drhre> el hias nee flash fod ntirofironlandabouti k2 @1 cansthepdised safel y
at tenperatures approaching its boiling point. 15More generally, the

i nvent i on-if oM des, 18 dTet o dodorcrinyi g a i atresd d ke @ tingd 8 veonpri si ng:
rinsing a plate-like article with an aqueous rinsing liquid; after

co nci [4d I nsd N B( S rhNsing, ldauid, fyrther rinsing

threm?ol atﬁel%\?%{&aét .%3 ggiw%t% azraléborg nic so H\gnlt (ger&gl.drﬁsosgraopy al cohol)

t hat has§%$g§§3 content of |es rei.n th organic
s in

. i 1o of 1ess than 20 mass: b, o ¢ Jherenn
sol vent ? I quli Oarf Ol’pl’ﬁ anat 'S er nta r’Pe Eﬁ %engper atures 1n pe cess of
60C and | ess than , , : .
articles, equipped with components configured to provide IPA
to a surface of the disc-shaped articles at temperatures in
excess of 60°C and approaching 82°C.

10 The invention is surprising not only in terms of the
improved drying results achieved, but also in the discovery
that IPA, which is combustible and has a flash point of only
about 12°C, can be used safely at temperatures approaching
its boiling point.

15 More generally, the invention provides a method for
drying a plate-like article, comprising:

rinsing a plate-like article with an agqueous rinsing
ligquid;
after commencing said rinsing with an agqueous rinsing

20 liquid, further rinsing the plate-like article with an
organic solvent (e.g. isopropyl alcohol) that has a water
content of less than 20 mass-%;

wherein the organic solvent is in liquid form and is

maintained at temperatures in excess of 60°C and less than



WO 2012/ 056343PCT/ 1B2011/ 054386 5 the boiling point of the organic sol vent

(i.e. 82C at 1 bar if the organic solvent is isopropyl alcohol).

Pr ef er r edworzgemise34sol vents are those that form a sol uti eoTdaBih1/O&EBEr at

| east in the range of 10 mass-%to 5055 mass- % of solvent to a solution in

whi ch the bal ance is water. The solvent therefore need not be mscible with
water in all proportions, although such organic solvents are included

within tHe &opelsf RO G mdenthom T Prefersed Stigani ¢ sddéntat ar &3l ect ed
fromthe group consisting of 10ketones, ethers and al cohol s. The

met hod ciah Eisoobmrconductethtatl el sv@tedpr eslswrteolat. 2 bar, which leads to
a higher boiling tenperature and thus to a higher upper limt of the
organi ¢ sol vente et adttfeni A M sl eerprefarg etherdadiarentoire or gani ¢

sol vent has a water content of below 10 mass-% | n another enbodi nent of

the met hog theopl@ter lidkeardi cleds rotated durd ngr rinsing w th the
organi c solvent. In yet another enbodi nent of the nethod the organic 20

solvent jis. supplied, afca vol ure; S1.0W d 3 rangs, of, 24 M D L0 400 ni/min.

water. The solvent therefore need not be miscible with

water in all proportions, although such organic solvents are

included within the scope of the invention. Preferred

organic solvents are selected from the group consisting of
10 ketones, ethers and alcohols.

The method can also be conducted at elevated pressure
at 2 bar, which leads to a higher boiling temperature and
thus to a higher upper limit of the organic solvent
temperature.

15 In a preferred embodiment the organic solvent has a
water content of below 10 mass-%.

In another embodiment of the method the plate-like
article is rotated during rinsing with the organic solvent.

In yet another embodiment of the method the organic

20 solvent 1s supplied at a volume flow in a range of 20 ml/min
to 400 ml/min.

In yet another embodiment of the method the temperature
of the organic solvent is maintained at temperatures above
60°C and less than 2K below the boiling temperature of

25 isopropyl alcohol (i.e. 80°C if the organic solvent is



In yet anot her enbodi ment of the nethod the tenperature of the organic
solvent is maintained at tenperatures above 60C and | ess than 2K bel ow t he
boi | i ng twoperatses4e of 25i sopropyl al cohol (i.e. 80C if pCmaBongyesi3ss sol vent
is WD 2012/ 056343PCT/ 1B2011/ 054386 66i sopropyl al cohol at 1 bar). As
mentioned before the boiling tenperature not only depends on the kind of
organi ¢ solvent used but also on the pressure at which the process is

carri ed BiARr®Yet ahviter anbodidont 7 HHE tGb P T therh < difprl SEs
supplying heated gas to a surface of the plate-like article to pronote
evapor atticomafa ttuie organicl solaentds Suchtle gasi@ant beradrelan s rvdout
preferably is an inert gas such as a noble gas or nitrogen. Preferably the
oxygen cosd@emnutofalide b tisedhgassise bed oilchmagse %rocess 1 yet anot her
enbodi ment of the method the heated gas is supplied across a surface of the
pl ate-like-ardd ol by effecting relative novenent between the plate-Iike
article and a di spensing nozzle of the gas. 15l n yet another enbodi nent of

the gethod an el %Jd' 45 fdeangased as the dspensi 'ﬂ%ﬂ' €
approaches a perip etry "of the lgﬁ{&at e-li ke article. Yet anot her
enbodi nent_of the nethod further_ co i ses | yi heat.ed dei.oni.zed wat er
to an opspudpsﬁD -] dqeea&e h(-jeaszotopl"jatseq?firakcee aorff?@?eye I?ri?ao _ghg{ledear[tol%% ch said
organic solvent is applied,. in at |east a peripheral re%i okin of said

opposi t - &iRfemOte eVaRiFHerC hsHe dtP DO TR hvEht B © ceda%h appar at us

for drying a plate-like article, which conprises:
can be clean air but preferably is an inert gas such as a

noble gas or nitrogen. Preferably the oxygen content of the

10 used gas is below 1 mass-%.

In yet another embodiment of the method the heated gas
is supplied across a surface of the plate-like article by
effecting relative movement between the plate-like article
and a dispensing nozzle of the gas.

15 In yet another embodiment of the method an amount of
gas flow is decreased as the dispensing nozzle approaches a
periphery of the plate—like article.

Yet another embodiment of the method further comprises
applying heated deionized water to an opposite side of the

20 plate-like article from a side to which said organic solvent
is applied, in at least a peripheral region of said opposite
side.

Another aspect of the invention comprises an apparatus

for drying a plate-like article, which comprises:



WO 2012/ 056343PCT/ 1B2011/ 054386 7 a rinsing nozzle for rinsing a
plate-like article with an aqueous rinsing |liquid, and communicating with a
sour ce ofweaquenis34si nsing |iquid; an organi c sol vent supprgBmonoisiBge

communi cating with a 5 source of orgahic solvent, the organic sol vent
supply conduit conprising heating equi pment adapted to heat organi c sol vent
supplied through the conduit to tenperatures in excess of 60C and | ess than
boi | i ng tenpet atUrel B I bt gfehii ot Vshtad Rt erdacoragani €L s ol véht  suppl y
nozzl e configured to apply organic solvent in liquid formto a surface of a
pl at e-| idke aqte@le.rinsiamPprieferired anbodimenti gft ke Wwillers ionitde
apparatus further conprises a source of heated gas and a 15 di spensi ng
nozzl e fof abuenid ngitheated indirdgen gas to a surface of the plate-like
article. I n anot her enbodi nent of the invention the apparatus further

conpri ses a Sﬁur&ﬁgé}{i@%ﬁ%%tsﬁfngﬁ? edably demhoni zad waterdnh and a
e

di spensi ng nozzle tor the heated ionized water that is positioned so

as te anply.heated deloni zed yater o AN oRROSILA shde ofoa plate-|ike

article froma side acted upon by said rinsing nozzle an id organic

:?LZ?nbtﬁ%%ﬁ%%bE%%%%%ﬁ??%gg%f%%%%%§%§%%QQ¥EH§Hagé%%‘¥%(He§¥“5¥é§%¥§'te
solvent supplied through the conduit to temperatures in
excess of 60°C and less than boiling temperature of the
organic solvent; and

10 an organic solvent supply nozzle configured to apply

organic solvent in liquid form to a surface of a plate-like
article.

In a preferred embodiment of the invention the
apparatus further comprises a source of heated gas and a

15 dispensing nozzle for directing heated nitrogen gas to a
surface of the plate-like article.

In another embodiment of the invention the apparatus
further comprises a source of heated water (preferably de-
ionized water) and a dispensing nozzle for the heated

20 deionized water that is positioned so as to apply heated
deionized water to an opposite side of a plate-like article
from a side acted upon by said rinsing nozzle and said
organic solvent supply nozzle, in at least a peripheral

region of said opposite side.



8 In yet anot her enbodi ment of the invention the apparatus further
conprises a closed process nodule for receiving and processing the

pl at e- | i kwoantzmsbx3 wherein said apparatus is a stationpConBmilngi4asenaf er
wet processing 5 of sem conductor waf®&rs. In yet another enbodi ment said
heating equi prent conprises dual inline heaters configured to heat organic
solvent in excess of 60C and | ess than boiling tenperature of the organic

sol vent withotit ¥fferdhuoret crierfperatiures e 10 esitesy? ofhdoi | i ng
tenperature of the organic solvent. BRI EF DESCRI PTI ON OF THE DRAW NGS

Fi gure lamepiatss sthertety calnyr e erbodiaent wfoddws apparla usomaccording to
the invention; and 15Figure 2 is a schematic bottom view of the nozzle
assenbl yrafe R thg lan DA dd= DESCRIP T IGN & lefler rad: e divwrentsi rof t he
present invention will now 20 be described in greater detail and with

references 10 4dies accoimpanyd no: Iraw ngs: The,dmet hageof tde gresenidqvention
conprises rinsing a plate or disc-like article with an aqueous

ri nsgng- Cgfgﬁlﬁngl Sollowed hy-rinsing with IPA (in liquid form, wherein the

| PA prefer as a wat er content

In yet another embodiment said heating equipment
comprises dual inline heaters configured to heat organic
solvent in excess of 60°C and less than boiling temperature
of the organic solvent without overshoot to temperatures in

10 excess of boiling temperature of the organic solvent.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 depicts schematically an embodiment of the
apparatus according to the invention; and
15 Figure 2 is a schematic bottom view of the nozzle

assembly of Fig. 1.

DETATILED DESCRIPTION
Preferred embodiments of the present invention will now
20 be described in greater detail and with reference to the
accompanying Drawings. The method of the present invention
comprises rinsing a plate or disc-like article with an
aqueous rinsing-liquid, followed by rinsing with IPA (in

liquid form), wherein the IPA preferably has a water content



WO 2012/ 056343PCT/ 1B2011/ 054386 9 of not nore than 20 nmass-% wherein the
| PAis supplied at a tenperature, which is greater than 60C and | ess than

82C. WOTBhe/m@e4ao0us sol ution is preferably dei oni zed paatiBzol1{/D343%at er)
but can also be a diluted solution of90zone, 5 hydrofluoric acid,
hydrochl oric acid, carbonic acid, or ammoni a. Subsequent rinsing

means that the start of rinsing with the IPAis after the start of rinsing
wi th t heeadueourCsdl thdore0 TH S Trearid a1t tHee rifsi iy ML 199A &fark be 10
carried out imediately after the rinsing with the aqueous sol ution; or

t here carenhee e tpassageriofh tisrey st tweenttdre 4O rdnsi e stigpsy BF°Q he
rinsing wth | PA can cormmence before the rinsing with the agqueous sol ution
i s term nat edihAdvand@ageauslyt idre i PA haSe malstardd ingh Wade rvacant e of 15
bel ow 10 nmass-% This | eaves a basically water-free surface, when the

sol vent yJesddues evaporats, Jhis effiecdq isoevernd mr avathavhen the water
content of below 5 nmass-% or even below 2 mass-% As the azeotrope of |PA

and wat G}F%&Soﬂuﬁi@%&yd,“@iﬁﬁo&ﬁoﬂi%yécﬁi cohply and. 12196 by, wei ght 20
water, this connotes an I'PAthat I's prepared by azeotropic ‘distillation.
Once theas#ci)rﬁilay of DI water is termnated, the IPA that flows off the

surface Of e disc may be recovered and recycled. As IPA is hygroscopic,

this will result in a .. . .
Subsequent rinsing means that the start of rinsing with

the IPA is after the start of rinsing with the aqueous
solution. This means that the rinsing with IPA can be
10 carried out immediately after the rinsing with the agueous
solution; or there can be a passage of time between the two
rinsing steps; or the rinsing with IPA can commence before
the rinsing with the aqueous solution is terminated.
Advantageously the IPA has a starting water content of
15 below 10 mass-%. This leaves a basically water-free
surface, when the solvent residues evaporate. This effect
is even improved when the water content of below 5 mass-% or
even below 2 mass-%. As the azeotrope of IPA and water is
at 87.9% by weight isopropyl alcohol and 12.1% by weight
20 water, this connotes an IPA that is prepared by azeotropic
distillation.
Once the supply of DI water is terminated, the IPA that
flows off the surface of the disc may be recovered and

recycled. As IPA is hygroscopic, this will result in a



WO 2012/ 056343PCT/ 1B2011/ 054386 10 progressively increasing water content
inthe IPAunless it is supplenented with fresh I PA during this recycling.
The pl at ewbizke/@s343cl e is preferably rotated during rinecmgBriii/bsaée | PA,
but it can also be linearly noved. 5 1he IPA is preferably supplied at a
volunme flowin a range of 20 mM/mn to 400 mM/mn. Mre preferably, the
flow of the IPAis not nore than 200nil/ m n. |Indeed, at the |PA tenperatures
used acdOFAFTRF I e Presstiti nhveris oreontRN§ | g dfe tHé orydrfic Sol vent
can be less than 100nil/m n, 10 w thout generating watermarks. This is not
only envig cnmenteatdrycabsirdd bugshal A hblpsa ctkisepradiecldimd ng costs | ow.

I n anot her enbodi nent a fluorine-containing solution (e.g. containing

hydr ogen fl uarieeg ] saravoini ki £4whiorlicde)s isrdbe dilspensed ot addhiendgli sc- 11 ke
article before the drying is conducted. Preferably such fluorine containing

sol uti on-4i:5s0id ubechydioger f lnoride,cahiLhsd Han agueous solddion with an
anal yti cal concentration of hydrogen fluoride of below 1 g/l. 20Referring

now b0, L. SEsemEy g e WSSy el aupral o de o 0, b

chuck in a c erably a process nodu r single wafer

wet processi of semn CO{tﬂdJCtO waf ers. Chanber is preferably cl osed
nodul e soo§?sd1?%l);%lnrf i e e "théli'tal s Used,” ri"jgjéc%yudi hget leovhocffal PA. A 300

mm sem caonduct or, wafer Wis ,
the IPA is not more than 200ml/min. Indeed, at the IPA

temperatures used according to the present invention, the
flow of the organic solvent can be less than 100ml/min,

10 without generating watermarks. This is not only
environmentally desired but also helps to keep the drying
costs low.

In another embodiment a fluorine-containing solution
(e.g. containing hydrogen fluoride, ammonium fluoride) is

15 dispensed onto the disc-like article before the drying is
conducted. Preferably such fluorine containing solution is
dilute hydrogen fluoride, which is an aqueous solution with
an analytical concentration of hydrogen fluoride of below 1
g/l.

20 Referring now to the accompanying drawing figures,
reference numeral 1 denotes a spin chuck in a chamber C,
which is preferably a process module for single wafer wet
processing of semiconductor wafers. Chamber C is preferably
a closed module so as to confine the chemicals used,

25 including the hot IPA. A 300 mm semiconductor wafer W is



WO 2012/ 056343PCT/ 1B2011/ 054386 11 positioned on the spin chuck 1 and

gri pped by gripping pins (not shown). A wet process is carried out wherein
di f f er entwbi2queiods34ar e di spensed onto the wafer, throughprooastoal/esisenbly 2.
5 When di spensing the liquids the disgensing nozzle assenbly can be noved
across the wafer at a selected speed fromthe center towards the edge and
back to center. This novenent can be repeated as |ong as the respective

| i quid |FSOFCFrfsJﬁé'rf§édm THee st speetk durdy o sprarsing Shericam iy 10
liquids is preferably set to be in a range of 300 rpmto 2000 rpm

First, didat ethdwdrofluoric acid with an HF concentration of 0.01 g/l is
di spensed; second, a rinsing liquid (e.g. de-ionized water) is dispensed;
third, 15 the ridwsipipddQuiits |G ttirge b fwranck isi ral £ neous| yi qihield PA
supply is turned on; fourth, the organic solvent and nitrogen gas are

di Spens%éldﬂﬁﬁ@fm%ﬂto atrtde fidtdv a wpidudf fnstLer: isspandof ned. The nedi a
arm 3 used for this process conpri ses a 20 nozzl e head 2 whi ch conprises a

plurgli tyh, Gf Nn0Zzl e, There i L?ldko ée%r dsdlspense tlh %%ﬁyroge“

fluoride or de- |on| zed wat er nozz a nozzle
20 for bl ow ng pr ef era n|t fFoge ag% %%%é%he \Naélééﬁ%i %geg dryi ng,
and a pa?r o}? cu al m Ozszsl e_Léﬂaf E\r}ﬁbgaz 438
center towards the edge and back to center. This movement
can be repeated as long as the respective liquid is
dispensed. The spin speed during dispensing the cleaning
10 liquids is preferably set to be in a range of 300 rpm to
2000 rpm.
First, diluted hydrofluoric acid with an HF
concentration of 0.01 g/l is dispensed; second, a rinsing
liquid (e.g. de-ionized water) is dispensed; third,
15 the rinsing liguid is turned off and simultaneously the IPA
supply is turned on; fourth, the organic solvent and
nitrogen gas are digspensed simultaneously;
and fifth a spin off step is performed.
The media arm 3 used for this process comprises a
20 nozzle head 2, which comprises a plurality of nozzles. There
is a nozzle 24 to dispense diluted hydrogen fluoride or de-
ionized water, a nozzle 22 to dispense the hot IPA, a nozzle
20 for blowing gas (preferably nitrogen gas) onto the wafer

during drying, and a pair of curtain nozzles 18 for



12 supplying gas to the interior of chanber C so as to naintain a desired
at nosphere. The sequence for the drying nmethod is carried out in the
fol | ow ngworderase®ESt ep A: As a | ast chem cal di spensi ngpPstrap2odi/bhused
hydrogen fluoride (concentration between 1g/1 to 100 g/l) is dispensed in
the wafer center for a tinme between 30s to 200s, with a flowrate of 1.7-2
1/mn while the wafer is rotating at a spin-speed in a range of 500-1200r pm
(e.g. 1080TPMNYT THRS tlehperature oot Hef iRy < 20C aStlep /B1MRe T i nsi ng
step (de-ionized water) is also dispensed fromD source 6 in the wafer
center faordesiiark afm@eienth a flowrate of 1.7-2 1/mn while the wafer
is rotating at a spin-speed in a range of 500-1200rpm (e.g. 15 800rpm . The
t emper at ure ofhd hesdqediammicer 22(& drying Stephdd e afpiiay @iepin A
nozzl e- head scans the wafer once fromthe center to the edge at an average
speed oftHO M Swmhere-dtrhe center the scanning speed is 20 nm's and the
scanni ng speed is decreased when noving towards the edge 20 to 5 nm's.

Duri g the scan.p PR s Sisnansatdrom the cantery tide tha gdae of {he

waf er. Sinul taneously nitrogen is ovmngl / s PAis
o ched oL L. S5 LA gl Vs LR L s, e 1,
dispensed in the wafer center for a time between 30s to
200s, with a flow rate of 1.7-2 1/min while the wafer 1is
rotating at a spin-speed in a range of 500-1200rpm (e.qg.
10 800rpm) . The temperature of the medium is 22°C.

Step B: The rinsing step (de-ionized water) is also
dispensed from DI source 6 in the wafer center for a time of
20s, with a flow rate of 1.7-2 1/min while the wafer is
rotating at a spin-speed in a range of 500-1200rpm (e.qg.

15 800rpm) . The temperature of the medium is 22°C.

Step C: The drying step: A nozzle-head scans the wafer
once from the center to the edge at an average speed of 10
mm/s, where at the center the scanning speed is 20 mm/s and
the scanning speed is decreased when moving towards the edge

20 to 5 mm/s. During the scan, IPA is dispensed from the center
till the edge of the wafer. Simultaneously nitrogen is
blowing as IPA is supplied. IPA is switched off at the edge
of the wafer. The IPA in this example has a temperature of

75°C.



13 In order to achieve stable I PA flow through the heater as well as
hi gh tenperature output, it is desirable to have well-defined heating

t enper at Wwe 20enge3480 avoi d | PA boiling and possi bl e saf eCcy/1Bzul/os4886
According to this enbodinment, 5 the IBA is supplied froma reservoir 8, and
passes through dual in-line heaters 15 and 17, delivery line 7, manifold 11
before reachi ng nozzle head 2. By connecting two | PA heaters in series, the

overal | heat ity 9=t dint |3 Feid Ve edP perhia sC it ridaziua) tthe heatar set poi nt
to achi eve higher 1 PA 10 tenperature at the outlet. By contrast, when using
a si ngl eheatler ,aa Hiokertdaatiaigrsetpoimtit i st hecessariyr dloleaviol chave
overshooting the | PA tenperature setpoint. It is also desirable, in
order t avalcihi@vel tegherat RA temperatiure aorardde tvafergid o pmibdidiimd he
tenperature of the 15 IPAwithin delivery line 7 so that the hot |IPA is not
cool ed down whird g deldmary . £dinpar i e @satihe dd ne i should he, kept

thermally stable toward the nozzle end 2 so that any heat transfer to the

LIS UL i 4 g b

j acket 12 to avoid tenperature e I ver ed.

The heat|ng tenperature of h | a shoul d be controll ed well t hat
the | PA ue"’?rlpelrng:}t)l ure mlesa}taeer So:‘al a% hAenC(Fjéie% ’veci%c/]hﬁ 4 s]hlonuﬁ dﬂbemaarflvgo ]tdesnlgler ature
|l ess than its boiling point to prevent |PA bubbles from being delivered

onto t hePSieted |~ SIND Dt 21 05634 1B20 B 054586 T4 WHith 16l d cause
significant particle defects during wafer drying. - As the wafer is
pr ocessete e thel iy tuckoha Herq1pal  erfperidtdries dttalhiel viggbr duige woul d
|l i kely be cooled down 5 significantly due to higher spin nonmentum at the
peri phergewfi tdel iwafars ired athey ehdakdthes amgrel ricenta alclriegiconsi gfeit hiePAwaf er .
Simlarly, pattern collapse tends to be nore severe at the edge even when
usi ng headmgskAPRAIrdea@avadid A et. By contrast, when using a single
heater, a lower heating setpoint is necessary to avoid
overshooting the IPA temperature setpoint.
It is also desirable, in order to achieve higher IPA
temperature on the wafer, to maintain the temperature of the
15 IPA within delivery line 7 so that the hot IPA is not cooled
down during delivery. In particular, the line 7 should be
kept thermally stable toward the nozzle end 2 so that any
heat transfer to the line can be minimized. 1In this
embodiment, the line is covered by heat jacket 12 to avoid
20 temperature drop while the IPA is being delivered. The
heating temperature of heat jacket should be controlled well
so that the IPA temperature inside of the delivery line

should be at a temperature less than its boiling point to

prevent IPA bubbles from being delivered onto the wafer,



tenperature drop on the wafer, hot DI is supplied to the 10 opposite side
of the wafer fromhot DI source 9, to keep the I PA tenperature on the wafer
uni form WE®peryasesBs conducted by the inventors have demromdaBroai/etk3sdat

hi gher wafer tenperature at the edge ®an be achi eved conpared to the norna
condition where no hot DI is supplied to the backside 15 during the
process. Wien | PA is used for wafer drying, nitrogen gas is typically
used to ¥Wervedhd! ora s/ pordt e residiariiPa qﬁﬁecfmfcg%rw I"& 5331 nni ng.
Since the normal N2 flow can cool the I PA tenperature during the process,
hot N2 fadwymrmimpt N2 20 source 4 can be used in order to mininize tenperature
drop and facilitate the IPA drying. The IPAflowis preferably set between

SOt/ m n to ILBOndddmivhfehhel £rosscsaadd onaltrad egpiof dhemnozzle o fice is
8me (deriving froma 1/8 inch tube). Therefore the flow 25 velocity is in

a_range Qi hetween O dndis apde 0. 33MS ., ey WQ 2012/ 03633RCT{ 182011/ 054386

15 hot I PA'increases the wafer tenperature, which dramatically decreases

the nunber.of vaterarks. =it i5 el Leved bhat phis i, due 1g)a decr ease of
conden§é§f%n:%ecaus the tenperature wafer SUrf-ace can s0 be ept” above the
dew pmlgf the wafer relative to the more central regions of the
wafer. Similarly, pattern collapse tends to be more severe
at the edge even when using heated IPA. To avoid IPA
temperature drop on the wafer, hot DI is supplied to the
10 opposite side of the wafer from hot DI source 9, to keep the
IPA temperature on the wafer uniform. Experiments conducted
by the inventors have demonstrated that higher wafer
temperature at the edge can be achieved compared to the
normal condition where no hot DI is supplied to the backside
15 during the process.

When IPA is used for wafer drying, nitrogen gas is
typically used to remove and/or evaporate residual IPA on
the wafer while spinning. Since the normal N, flow can cool
the IPA temperature during the process, hot N; from hot Ny

20 source 4 can be used in order to minimize temperature drop
and facilitate the IPA drying.

The IPA flow is preferably set between 50ml/min to
160ml/min. The cross-sectional area of the nozzle orifice is
8mm? (deriving from a 1/8 inch tube). Therefore the flow

25 wvelocity is in a range of between 0.Ilm/s and 0.33m/s. The



5 of the anbient air. N trogen flow can be increased during the novenent of
the nozzl e-head fromthe center to the edge (from50%to 100% of the

maxi num rworopaisefaBow) . At maxi num (near the edge), thepPoTiuBmgenssBgow i s
around 30 1/mn. The chuck speed is riduced linearly from 1100rpmto
450rpm 10 whil e the organi c-sol vent-di spense-nozzl e noves fromthe center
towards the edge of the disc-like article. Wth the tenperature of the |IPA
above 60T the! fIW S NPATHRT Feed et B ek bellove L af it anitthout
generating watermarks, which can significantly reduce the consunption of

| PA. 15lded=gref erfrediumiatr tdie wrote dnRA lsuppl it tics thwel wafest SWaommences
during the DI rinse step, rather than upon conpletion thereof. In

parti culttis dig idige the Didgd msesstep,cdrepdreth d A (bgrdusB2Ce t ypi cal
process is 60-80C) is brought to the wafer in order to keep the wafer wet

even as ZndhesRlrd lawed:s shitaaf foanThe heatidg seipal thofadhediRA heaters
15, 17 shoul d be kept as high as possible but should be stable to avoid

heat er Oélfr%}fé_atdr%blir%l@%rj a%eérc%tfeﬂ;fl}a]d&%éd”k%echp&é%[?ecﬁwﬁgbe kept

under contr “heating setpoi eat |acket 12 also requires certain
VO 2012/ GEbIASECH L B20L1) 654556 16 e br' sdbe i 7 5gen s 15 Brougnt to
the dryi P Tovel: ot viaie S Ot CHEX VYR e SR AToveo Dt AF 416l or  he
wafer spins for certain tine to ensure the wafer 5 drying. The hot DI
i s appli€Fan e PNy doMmittheodgt eflaw migtaind t%é /eiger i e whil e
the heated | PA is di spensed
chuck speed is reduced linearly from 1100rpm to 450rpm,
10 while the organic-solvent-dispense-nozzle moves from the
center towards the edge of the disc-like article. With the
temperature of the IPA above 60°C, the flow of the IPA can be
selected below 100ml/min without generating watermarks,
which can significantly reduce the consumption of IPA.
15 It is preferred that the hot IPA supply to the wafer W
commences during the DI rinse step, rather than upon
completion thereof. 1In particular, during the DI rinse
step, heated IPA (up to 82°C, typical process is 60~80°C) 1is
brought to the wafer in order to keep the wafer wet even as
20 the DI flow is shut off. The heating setpoint of the IPA
heaters 15, 17 should be kept as high as possible but should
be stable to avoid heater overheat. The heat jacket 12 is
also turned on and should be kept under control. The heating

setpoint of heat jacket 12 also requires certain setpoint to

25 avoid safety concern. As the drying arm 3 moves toward the



on the top side of the wafer. The hot DI flow should be kept as |ow as
possible in order to avoid backsplash from 10 the chanber wall during the
process. WO 2al236348qui res having certain flow to ensurePcraBliaabs4sanst er
to the wafer edge. Wiile the drying amis passing a certain position on
the wafer, the hot D should be shut off to avoid backsplash as stated
above. 15As the drying arm noves toward the wafer edge, heated nitrogen gas
i s di schHafred Y8iRr O HOIRT F2 g o Urir A wdfertherhe teanger f 6 t he
nitrogen gas is selected so as to facilitate wafer drying during the
process.waifwr andliit afoheated N fdaswm is priefer abl warardedasthitéhe dryi ng 20
noves outwards. Wiile the drying armis passing a certain position on the
waf er, tdweyihot rdveshoultvdeishuinaf ftio @awoirdy back splash @as: sifatwed above.
The hot IPA that flows off of the surface of wafer Wmay be collected in

hot | PA gofd.ectian e 14 ad fecouered 25 ik hol diPAdecanery; afea 16,
before being returned to WD 2012/ 056343PCT/ 1B2011/ 054386 17 reservoir 8.

As nat eddﬂﬁofyge., t he hygroscopic nature of | PA neans that the water content
t hereof w gradual ly increase, especially when recycling is enployed. To

counteract that rising water content, fresh | PA may be 5 supplied to
reservoir 8 f ?nhfcftes[%I 1'PA FBUF e 19 qkﬁm%tﬁ %t”@ﬁfeﬁnatso becone
too high to be usable may be utilized as fuel or may be re-purified by

known t eehiri lefties Gife H- P S T TRy Bt e bgb%m%tqu&%ﬁqdiwleﬁpw%e

separated based upon the relatively |ow solubility of 10l PA in aqueous salt
sol uti omn the top side of the wafer. The hot DI flow should be

kept as low as possible in order to avoid backsplash from

10 the chamber wall during the process. It also requires
having certain flow to ensure its heat transfer to the wafer
edge. While the drying arm is passing a certain position on
the wafer, the hot DI should be shut off to avoid backsplash
as stated above.

15 As the drying arm moves toward the wafer edge, heated
nitrogen gas is discharged toward the wafer to dry the
wafer. The temperature of the nitrogen gas is selected so
as to facilitate wafer drying during the process. The
amount of heated N2 flow is preferably varied as the drying

20 moves outwards. While the drying arm is passing a certain
position on the wafer, the hot DI should be shut off to
avoid backsplash as stated above.

The hot IPA that flows off of the surface of wafer W
may be collected in hot IPA collection area 14 and recovered

25 in hot IPA recovery area 16, before being returned to



Step Do The final step is a rotation w thout any chem cal dispense for | Gs
with a rotated spin speed of 1500 rpm Although this step is not necessary
it avoi dswanginaeddspl ashi ng of |iquid droplets, which mcghB2adh&ss on t he
15 waf er backsi de and/or on the chucki7that rotates the wafer. Wile the
present invention has been described in connection with various
illustrative enbodi ments thereof, it is to be understood that those

enmbodi NEFR S BHOU & NotAHEI U HOE prictexty IR IR AC i Weoped ofFA
protection conferred 20 by the true scope and spirit of the appended

cl ai n5. MAAD 201 056843RCH 1 B0 105438648 WHATL 18 aCLll INED | S: 1. A
met hod for drying a plate-like article, conprising: 5rinsing a plate-like
article wmdteate agmousi i nsiwiged igrdyekling is afrieroyeadirencd ng said rinsing

wi th an aqueous rinsing liquid, further rinsing the plate-like article with
an organigusad vent diam ng & watielc cot@nteof, lesssi ham 20y e
5 supplied to reservoir 8 from fresh IPA source 13.

IPA whose water content has become too high to be
usable may be utilized as fuel or may be re-purified by
known techniques such as salting out, by which IPA and water
can be separated based upon the relatively low solubility of

10 IPA in aqueous salt solutions.

Step D: The final step is a rotation without any
chemical dispense for 10s with a rotated spin speed of 1500
rpm. Although this step is not necessary it avoids any back
splashing of liquid droplets, which might adhere on the

15 wafer backside and/or on the chuck that rotates the wafer.

While the present invention has been described in
connection with various illustrative embodiments thereof, it
is to be understood that those embodiments should not be

used as a pretext to limit the scope of protection conferred

20 by the true scope and spirit of the appended claims.



10mass- % wherein the organic solvent is in liquid formand is

mai ntai ned at tenperatures in excess of 60C and | ess than the boiling point
of the orwennr/sed4sent. 152. The met hod according to cl acmigo1wh&ss n t he
organi c solvent is selected fromthe §roup consisting of ketones, ethers
and al cohol s. 3. The nmethod according to claim1, wherein the
20 organi c solvent is an al cohol. 4. The nmethod according to claim

1, wher e/t hieS drligaiiie® sbivent is isopropyl alcohol. WO

2012/ 056343PCT/ 1B2011/ 054386 19 5. The nethod according to claim11, wherein
the organic solvent fornms a solution wwth water at least in a range of 10
mass-% to 50 mass-% of solvent to a solution whose balance is water. 5

6. The met hodl accomgitiigd of @t ad1yilng whesled te-tlhiekoragani«cl o0l vent has a water
content of below 10 nmass-% 7. The nmethod according to claiml
wherein t¢heplatey 10 like article is rotated during rinsing with the
organi ¢ solvent.

5 rinsing a plate-like article with an agqueous rinsing
ligquid;
after commencing said rinsing with an agqueous rinsing
liquid, further rinsing the plate-like article with an
organic solvent having a water content of less than 20
10 mass-%;
wherein the organic solvent is in liquid form and is
maintained at temperatures in excess of 60°C and less than

the boiling point of the organic solvent.

15 2. The method according to claim 1, wherein the
organic solvent is selected from the group consisting of

ketones, ethers and alcohols.

3. The method according to claim 1, wherein the

20 organic solvent is an alcohol.

4. The method according to claim 1, wherein the

organic solvent is isopropyl alcohol.



8. The met hod according to claim1 wherein the organic sol vent

at a vol

The net hod according to claiml,

(e.g. ni

is supplied

une flowin a range of 20 mM/mn 15to 400 m /m n. 9. The
nmet hod acwordizge34d cl aim 1 wherein the tenperature of trhe/nBrgani4essol vent
is maintained at tenperatures above 60C and | ess than 80C. 20

trogen) to a surface of the plate-like article to pronote

10.

further conprising supplying heated gas

evaporation of- t H iR setv@ming WO 2012056348 FCH IB20TEL/ 054386 20
met hod according to claim1, further conprising applying heated
dei oni zedrawatier @l @mopposid e sidertofort hel 191 ata-d1 ke argd <l elrf rom a si de
to which said 5 organic solvent is applied, in at |east a peripheral
opppside S deass-% to HR.mdAs-appaf afdlsydror oF Vi ngplautplat e- 11 ke
conprising: 10a rinsing nozzle for rinsing a plate-like article
W th an @agqueouss ramsd ngs ldhapdd, and comruni cating with a source of aqueous
l'iquid; an organi c solvent supply conduit comrunicating with
a sogrce of organic solvent, the organic solvent supply

11. The

of said
articl e,

rinsing

10

15

20

25

6. The method according to claim 1, wherein the

organic solvent has a water content of below 10 mass-%.

7. The method according to claim 1 wherein the plate-
like article is rotated during rinsing with the organic

solvent.

8. The method according to claim 1 wherein the organic
solvent 1s supplied at a volume flow in a range of 20 ml/min

to 400 ml/min.

9. The method according to claim 1 wherein the
temperature of the organic solvent is maintained at

temperatures above 60°C and less than 80°C.

10. The method according to claim 1, further
comprising supplying heated gas (e.g. nitrogen) to a surface
of the plate-like article to promote evaporation of the

organic solvent.

regi on



15 conduit conprising heating equi pnent adapted to heat organic sol vent
supplied through the conduit to tenperatures in excess of 60C and | ess than

boi | i ng twoperatses4e of the organic sol vent; and PCANBIN yo5¥3% sol vent
supply nozzle configured to apply 20 ®rganic solvent in liquid formto a
surface of a plate-like article. 13. The apparatus according to

claim12, further conprising a source of one of heated gas and heated water
WO 2012/ 056343PCT/ 1B2011/ 054386 21 and a di spensing nozzle for directing
heated gas or heated water to a surface of the plate-like article. 14. The
appar at us acclor di ritgh« onet b dm e o fdaritchero 5 lcoimprli siingrtéhet osed process
nodul e for receiving and processing the plate-like article, wherein said
appar at usonysr ias ist@td @il fiotg Sidw el wiad ern Wwetd praoses sigirofogesd icanduct or

waf ers. 1015. The apparatus according to claim 12, wherein said heating

equi pment; Lonpr iges giuale 4 nliide head e se.canfd gured 40 heath ofgani ¢ sol vent
in excess of 60C and | ess than boiling tenperature of the organic sol vent

W t hgut @@%oﬁ%ﬁ@%%@éé‘ff&d' N expess ofc boild ng tenperatyr g, of the

15 organlc SO

of said opposite side.

12. An apparatus for drying a plate-like article,
comprising:

10 a rinsing nozzle for rinsing a plate-like article with
an aqueous rinsing liquid, and communicating with a source
of agqueous rinsing liquid;

an organic solvent supply conduit communicating with a
source of organic solvent, the organic solvent supply

15 conduit comprising heating egquipment adapted to heat organic
solvent supplied through the conduit to temperatures in
excess of 60°C and less than boiling temperature of the
organic solvent; and

an organic solvent supply nozzle configured to apply
20 organic solvent in liquid form to a surface of a plate-like

article.

13. The apparatus according to claim 12, further

comprising a source of one of heated gas and heated water



10

15

WO 2012/056343 PCT/IB2011/054386
21

and a dispensing nozzle for directing heated gas or heated

water to a surface of the plate-like article.

14. The apparatus according to claim 12, further
comprising a closed process module for receiving and
processing the plate-like article, wherein said apparatus is
a station for single wafer wet processing of semiconductor

wafers.

15. The apparatus according to claim 12, wherein said
heating equipment comprises dual inline heaters configured
to heat organic solvent in excess of 60°C and less than
boiling temperature of the organic solvent without overshoot
to temperatures in excess of boiling temperature of the

organic solvent.



