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1 SUBSTRATE DRYING FIELD OF INVENTION 5 The present invention
relates to a method and apparatus for generating polar organic

compound vapor which are used for drying integrated circuit components.
More particularly, the present invention relates to the method and

apparatus for generating isopropyl alcohol and nitrogen vapor mixture for
drying semiconductor wafer. 10 BACKGROUND ART Commonly, during
fabrication of semiconductor devices, many processes such as

lithography, a deposition and etching are repeatedly performed on a 15
semiconductor substrate. Thus, during these processes, contaminants

such as particles, metals, nSUUBS SRAFE DRYINGnic layers may be left on
the substrate. Therefore, it is an important task to reduce metallic, particle
and organic contamination of semiconductor substrate, more particularly
integrated circuit wafers fof fEkf PESERVMENTHOMN semiconductor device.

A wafer is typically cleaned 20 by a wet cleaning process using a cleaning
solution. After that, there is a need for drying the cleaned wafer without _
affectiRg RUIAREEBIINIRNERMARAIRRAR. I fREMILaRRE AR Ruskfsegnsrating

water for a long time, then the cleaned wafer maybe denaturalized. The

PRlRhRAMGBAARGHC atiRR YL NG SrolRehs RSy (ByB Integrated  circuit

components. More particularly, the present invention relates to the method and
apparatus for generating isopropyl alcohol and nitrogen vapor mixture for drying

semiconductor wafer.

BACKGROUND ART

Commonly, during fabrication of semiconductor devices, many processes
such as lithography, a deposition and etching are repeatedly performed on a
semiconductor substrate. Thus, during these processes, contaminants such as
particles, metals, natural oxides and organic layers may be left on the substrate.
Therefore, it is an important task to reduce metallic, particle and organic
contamination of semiconductor substrate, more particularly integrated circuit
wafers for further assembly of a semiconductor device. A wafer is typically cleaned
by a wet cleaning process using a cleaning solution. After that, there is a need for
drying the cleaned wafer without affecting surface of the cleaned wafer. If the
cleaned wafer is exposed to water for a long time, then the cleaned wafer maybe
denaturalized. The denaturalization might cause substantial problems for large

scaled semiconductor devices.
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scaled semiconductor devices. 2 Prior methods and apparatus for drying

semiconductor substrates or wafers include introducing a drying alcohol

such as isopropyl alcohol (IPA) into a process chamber in a vapor form.

The apparatus used for drying the semiconductor 5 substrates is an IPA

dryer. The IPA dryer needs large quantity of solvent such as isopropyl

alcohol and other volatile organic liquids for drying of the semiconductor

substrate. Generally, the IPA dryer geferates a superheated or saturated

drying vapor as a drying fluid. A disadvantage of this dryer is that the use

of the large quantity of solvent which is hot, highly flammable and

extremely hazardous to 10 health and environment. Another limitation of

this apparatus is cost of the dryer and solvent which is expensive.

Anotirsiofiiyieitpesistaod epparatua iy drinasersliapdibtivngwhetraigs or wafers

wherein the IPA dryer supplies organic liquid vapor which is restrictively
ing|ysiglisdrods e iy agiAerbabeiag adsepirey!thierRlfM DMMBlingParocess
supply pipe to a drying chamber. There are two limitations using this
Cftﬁmgﬁrm&tﬁod?'?ﬂé fREnimitago R PRARRE4SII BartidRIs dRdPehdlanspBaisenAuctor

number and reattach to the semiconductor wafer. This occurs when the

SURSIEIIRG [ breasaRASS High WheR i sERBIREIG - BRbbs afeRlgghsHeh as
T Xl S N——
s@é‘%a?&%ﬁ%gﬁe%ﬂg, AR BRI OL PRI ISNd YRl RIS R A 588 Hrying
vapor as a drying fluid. A disadvantage of this dryer is that the use of the large
quantity of solvent which is hot, highly flammable and extremely hazardous to
health and environment. Another limitation of this apparatus is cost of the dryer

and solvent which is expensive.

Another drying method of the IPA dryer is by using bubbling method
wherein the IPA dryer supplies organic liquid vapor which is restrictively supplied
by a pressurized bubbling gas source through bubbling gas supply pipe to a drying
chamber. There are two limitations using this drying method. The first limitation
relates to particles that may increase in number and reattach to the semiconductor
wafer. This occurs when the bubbling gas pressure is high. When the bubbling gas
pressure is high, it leads to large volumetric supply rate of the supplied vapor.
Concentration of organic liquid on the surface of DI (de-ionized) water may
become high as a result of organic liquid vapor supplied in a second step. Thus,

particles may increase in number. The second limitation relates to long process



10

15

20

particles may increase in number. The second limitation relates to long
process 3 time, erosion and denaturalization of a metal layer. This occurs
when the bubbling gas pressure is low. When the bubbling gas pressure
is low, time taken to supply sufficient organic liquid to raise concentration
of the organic liquid on the surface of the DI water becomes long and
lead to the second limitations as mentioned 5 above. Another prior art,
US 6,722,056 patent document teacheas a system of introducing IPA in
liquid form and evaporating the IPA vapor through a tube within a process
chamber, wherein concentration of the IPA vapor depends on IPA 10
tirfee direpianecaaddigas loalizatorBoitla thetilddiry. ratésapetyess ilbenrtite hrdbling
difficult to be controlled unless by introducing an expensive setup such as
gafdyesRNIe d8 eI &Y hBadite O Uil iNngi gastedrass ke dklewc iane) éatirn | FASUPPlY
concentration in IPA/N2 vapor mixture or time interval of IPA/N2 vapor
sufficiené esaprRiclgHBde 1astceongriyiptior @ e AERNeigvitbambeantHrface
apparatus for drying semiconductor substrates which does not resultin
off iR nRH AR REEUPERSRRI ifipierthto dBRtaRGAREJHTPIRINBM @S mentioned
flexibility and also consistency as mentioned above. It is an object of the
atﬁ%@ent invention to provide a method and apparatus 20 that solves the
problems of fire hazards, low concentration of IPA due to bubbling
method and mechanical diffusion that leads to inconsistence of IPA
concamitien prior art, US 6,722,056 patent document teaches a system of

introducing IPA in liquid form and evaporating the IPA vapor through a tube within
a process chamber, wherein concentration of the IPA vapor depends on IPA
feeding rate and gas flow rate. Both the feeding rate and gas flow rate are difficult
to be controlled unless by introducing an expensive setup such as mass flow
controller. Besides that, it is a tedious work to change the IPA concentration in

IPA/N, vapor mixture or time interval of IPA/N, vapor mixture to the chamber.

Accordingly, there is a need for a method and apparatus for drying
semiconductor substrates which does not result in flammable mists, expensive
equipments, contamination problems, flexibility and also consistency as mentioned
above. It is an object of the present invention to provide a method and apparatus
that solves the problems of fire hazards, low concentration of IPA due to bubbling

method and mechanical diffusion that leads to inconsistence of IPA concentration.
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4 SUMMARY OF THE INVENTION The present invention relates to an
assembly of apparatus for drying electronic substrate comprising a
chamber for cleaning and drying the substrates, means for generating a
polar organic compound vapor and mixing the vapor with 5 an inert gas,
an inert gas supplier and a drainage system at the chamber. The means
for generating a polar organic compound vapor and mixing the vapor with
an inert gas includes at least one inlet4or receiving the polar organic
compound in liquid form continuously from a polar organic compound
liquid supply, a means for generating ultrasonic energy which converts
polar organic compouriEMMARYoQP PHEIENEENEKDNC to the means for
generating polar organic compound vapor, oscillator that generates
powelhe tRessRMninIeNgeneratiigulicasthiessRimply aof Iepnasatmiérfodrying
receiving an inert gas wherein the inert gas is mixed with the polar

elgpgm@ @M‘?@i&ﬂﬁcpﬁﬁiﬂﬂﬁiﬁgrﬁ %ﬂ@ﬁéfﬁﬂﬂﬁﬂafﬁ%ﬁgﬁcﬂﬁ){j@a‘iﬁ@ substrates,
introducing the mixed polar organic compound vapor with inert gas to the
MeRRM IR I RIRHRG R PRI AIBR h SARRAGHIVARSSARA NI e ReF With
generating polar organic compound vapor and mixing the vapor with inert
an Ree g5%eRNPSH 5% SHRP ﬁ&nﬂ"k&%@aﬂﬂﬁ@%t@ﬁ%ﬁmga&fﬂ?e gber. The
¢ compound mixed with the, inert gas tq the chamber is controlled
msﬁyc*(?ﬁtgar@éeﬁ@ta BRal 790 HOTDRES L KRR AN TR B Qh dgPor with
olar or%anlclcom§ E atnd the|I ¥t as. There 520 Isoasensorf q
AN BRI HY ChAbIRRS IS FgF Ric"&6Mpotn "1.8 ﬁeo&gf"”'c compound in

liquid form continuously from a polar organic compound liquid supply, a means for
generating ultrasonic energy which converts polar organic compound liquid into
particles attached to the means for generating polar organic compound vapor,
oscillator that generates power to the means for generating ultrasonic energy, at
least one inlet for receiving an inert gas wherein the inert gas is mixed with the
polar organic compound particles, at least one outlet for transporting and
introducing the mixed polar organic compound vapor with inert gas to the chamber
for drying process of the electronic substrates. The means for generating polar
organic compound vapor and mixing the vapor with inert gas is spaced apart from
the chamber and the introducing of the polar organic compound mixed with the
inert gas to the chamber is controlled by a control device to ensure a consistence
concentration of the mixed polar organic compound and the inert gas. There is
also a sensor for monitoring and controlling polar organic compound liquid level

connected to the means for generating polar organic compound vapor.
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connected to the means for generating polar organic compound vapor. 5

The polar organic compound is isopropyl alcohol (IPA) and the inert gas is

nitrogen (N2). The electronic substrate is a semiconductor wafer. The

oscillator operates at the megasonic frequency of 1.6 to 2.4MHz. 5 The

present invention also relates to a preferred embodiment of a method of

drying electronic substrate comprising submerging the electronic substrate

in a cleaning solution in a chamber, infroducing a polar organic

compound in liquid form into means of generating a polar organic

compound vapor and mixing the vapor with an inert gas, generating a

polarldrgpuacongaoimdoapounaixedsaitropdl thisdhett(28) mndtheimgthgas is

vapor mixed with inert gas into the chamber to form an organic liquid
nitsgeerorNesuliaecetgatienifeanbrirettuifon, exrieaindutier vieatengopscillator

the cleaning solution, draining the cleaning solution and drying the
oRg/ieteuRt. e anegasenifolr eRNeYIRY) & Hévad-6MBiRic compound vapor

mixed with inert gas includes generating polar organic compound vapor

at 1.5 - 2.0 % v/v by 15 using means of generating ultrasonic energy

which converts the liquid to vapor in the means of generating polar

orgarliBLBi5E0hYEPEP I ERIAE T iReP AT <5t STUBRSHAENL SlippRyethod
o e e S AL SR e Lo e el 1 o
o S AR R S R i
fo%‘lmalﬁ%nir%gg%ggfi%enerating a polar organic compound vapor and mixing the
vapor with an inert gas, generating a polar organic compound vapor mixed with
the inert gas, introducing the vapor mixed with inert gas into the chamber to form
an organic liquid layer on a surface of the cleaning solution, extracting the
substrate from the cleaning solution, draining the cleaning solution and drying the
substrate. The method for generating a polar organic compound vapor mixed with
inert gas includes generating polar organic compound vapor at 1.5 — 2.0 % v/v by
using means of generating ultrasonic energy which converts the liquid to vapor in
the means of generating polar organic compound vapor, introducing the inert gas
at a volumetric supply rate into the means of generating a polar organic vapor to
form a inert polar organic compound vapor and maintaining a constant volume of
organic compound liquid or inert polar organic compound vapor in the means of
generating a polar organic vapor. The means of generating ultrasonic energy is
powered by an oscillator that operates at 4.6 to 2.4 MHz; and concentration of the

polar organic compound vapor is controlled between 1.5 — 2.0 % v/v. The draining
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powered by an oscillator that operates at 4.6 to 2.4 MHz; and
concentration of the polar organic compound vapor is controlled between
1.5-2.0 % v/v. The draining 6 of the cleaning solution is conducted within
a range of 0.001 m/s to 0.0025m/s. The polar organic compound is
isopropyl alcohol (IPA). The inert gas is nitrogen (N2). The electronic
substrate is semiconductor wafer. 5 BRIEF DESCRIPTION OF THE
DRAWINGS The present invention wilbbe fully understood from the
detailed description given herein below and the accompanying preferred
drawings which are given by way of illustration only, and thus are not
oflithit alisendigrsolutazeit dorshted wihivhameing &iglite00 indsio £.0025m/s. The
schematic diagram of the IPA supply system to the drying chamber for
PelayinganRiceaTippN ierisapmmtealcs ME RAEDIBESTRIBT IoNimEmen (N2).
THE PREFERRED EMBODIMENT A detailed description of preferred
TherpigatraBiasdriHatmirpaBlicRN st suaiderein. It should be
understood, however, that the disclosed preferred embodiments are
merely exemplary of the invention, which may be embodied in 20 various
forms. Therefore, the details disclosed herein are not to be interpreted as
limiting, but merely as the basis for the claims and for teaching one skilled

inthe BRIEF DESCRIPTION OF THE DRAWINGS
The present invention will be fully understood from the detailed description
given herein below and the accompanying preferred drawings which are given by
way of illustration only, and thus are not limitative of the present invention,

wherein:

Figure 1 shows a schematic diagram of the IPA supply system to the drying

chamber for drying the semiconductor substrate.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
A detailed description of preferred embodiments of the invention is
disclosed herein. It should be understood, however, that the disclosed preferred
embodiments are merely exemplary of the invention, which may be embodied in
various forms. Therefore, the details disclosed herein are not to be interpreted as
limiting, but merely as the basis for the claims and for teaching one skilled in the

art of the invention.
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art of the invention. 7 The present invention relates to a preferred

embodiment of an assembly of apparatus for effective drying of

semiconductors substrate, i.e. semiconductor wafer used in fabricating of

integrated circuits. Figure 1 shows a schematic diagram of the IPA supply

system to the drying chamber for drying the 5 semiconductor substrate.

The assembly of apparatus includes isopropyl alcohol (IPA) vapor

generator (10), feeding system to the IPA vapor generator, process tank

(18) where the drying process occurs, inlets to the process tank (18) and

outlets from the process tank (18). The IPA vapor generator (10) includes

two feeding systems which are nitrogen supply (14) and IPA supply (12).

The th ITeELRIHGGiemEetesl® 1 Brefanied enbathmert)fiara@spgmbly of

lines, preferably of PFA (Perfluoroalkoxy) material. The IPA vapor
a%@Faﬁnﬁ?icﬁf{‘%ﬁ%ﬁiéé'%"&glé%fsélewmﬂ%ct@'@oWH@%@ feeitRMisRNductor

from an IPA su I%Z) line. Amount of IPA in the vessel is maintained at
WG diPEaRtPBY ity IRRTA R TEUbabIOWsh ol A AstrRematic

O AA BRCLEA S SIS B SR AR e Y o
S A R P oo
R R T B SR WA R proces
tank (18) where the drying process occurs, inlets to the process tank (18) and
outlets from the process tank (18). The IPA vapor generator (10) includes two
feeding systems which are nitrogen supply (14) and IPA supply (12). The two
feeding systems are fed to the IPA generator (10) via supply lines, preferably of
PFA (Perfluoroalkoxy) material. The IPA vapor generator (10) comprises a vessel
which is to continuously receive IPA from an IPA supply (12) line. Amount of IPA in
the vessel is maintained at a fixed quantity by continuous liquid level feedback
control. An ultrasonic nebulizer (11) is installed at bottom of the IPA vapor
generator (10) and it is powered by an external oscillator that generates ultrasonic
oscillations. A PFA tube transports the IPA vapor from the vapor generator (10) to
the process tank (18) through a cover (20) of the tank (18) and the IPA vapor

defuse into the tank (18) through multiple nozzles (22). N, filters (16) are fitted

along the N3 supply line to ensure purity of Na.
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20 8 The process tank (18) comprises of a tank with four sided over flow
compartment (31). The semiconductor substrate is placed in a carrier and
seated at a base of the tank. A cover (20) is installed on top of the tank.
The cover includes nozzles for spraying N2 (23) and nozzles for spraying
IPA and nitrogen 5 vapor mixture (22). There are three connections at the
bottom of the tank. The first connection is for de-ionized (DI) water inlet
and is connected to an air operated valve (27) which turns on and off DI
water supply (21) to the tank (18). The second connection is to a quick
dump valve (24) which is air operated and allows quick discharge of DI

water from tank (18). The third connection is 10 connected to a set of air
operdtd® VIRESE 6 M (M ahLARRIEREOVAvE(8)WithidaUragidedineysn flow
of draining the DI water in the tank (18) at a slow, controlled rate. There is
COMRBREPIEE 3 knENSr SESRISRRAK TS SHESITRHE RRigestsiBIgaiie” amcreated
is connected to nitrogen spraying nozzles (23). The nitrogen is transported
Al RaSFitPbGOR APy 1S9 Rh HBbdSrSIFLRG B 497! Bhalfmifitiuy e cover

BB (IR TR AR Gy THe N A B roger

ARG BiEn ispsed lo. ralse e lemneraluce LG ITQUSAWNIEN he
ccelerates drying of the Semiconductor stibstrate. erd (16) are

fir@‘te&ﬁhoégiéﬂei's\lzfg'PQf%l}fdmgetg WUWaPeLf'ri%gf 'g%d is connected to an air

operated valve (27) which turns on and off DI water supply (21) to the tank (18).
The second connection is to a quick dump valve (24) which is air operated and
allows quick discharge of DI water from tank (18). The third connection is
connected to a set of air operated valve (26) and manual multi-turn valve (28)
which has a function of draining the DI water in the tank (18) at a slow, controlled
rate. There is another inlet to the process tank (18) from the nitrogen supply (14)
which is connected to nitrogen spraying nozzles (23). The nitrogen is transported
from a nitrogen supply (14) via nitrogen supply line and pneumatically operated
valve (34) to the nitrogen nozzles (23) which are built into the cover (20) of the
tank. Along the nitrogen supply line there is a nitrogen heater (36) which is used to
raise the temperature of the nitrogen which accelerates drying of the
semiconductor substrate. N, filters (16) are fitted along the N, supply line to

ensure purity of Na.

Another preferred embodiment of the present invention is the method of

generating the IPA and nitrogen vapor mixture and drying the semiconductor
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20 Another preferred embodiment of the present invention is the method
of generating the IPA and nitrogen vapor mixture and drying the
semiconductor 9 substrate using the IPA and nitrogen vapor mixture.
Firstly, the semiconductor substrates, i.e. wafers that need to be dried are
placed onto a carrier in the empty process tank (18), the cover (20) is
then closed and nitrogen is purged into the tank through the nitrogen
spraying nozzles (23) to remove all types of airborne 5 contaminants.
Thereatfter, the process tank (18) is filled from bottom with DI water from
the DI water supply (21) through air operated valve (27) until it overflows
suhsiratee wsiedldhecttipanchaenitro@en). vagohemiturél gy irstypntireiseshyconductor
filled with fresh, clean DI water from the tank bottom, dirtier water is
syestigiesl fronvaiprisr thettneeditaepioed Breaplrg¢ed)antethe evwigioin the empty
compartments g;l and discharged through 10 an over-flow drain valve
praessshianrdds téée%oé!ﬁrfé?%)ﬂﬁem@@rﬁﬁﬁﬁémé‘i!ﬁ@m (PaRarged) into the
closes to stop the DI water supply. The overflow time can be carried out
tapys H“fFPH@fbéﬁ%d‘ﬁfooﬁ%a&@(X'QSCBH@%&%H&&%W%? abvegmateprborne

1 minute 30 seconds. 15 At this point, the IPA and nitrogen vapor mixture

QAR Ed IR TAESGr e PEYCHSS SYRI-1R) ndliedioeo8) amsatih Pl water
B S g ha e e AL 20 B
thgi%c{/%%%(\alvtgo%apsg?tr%re% s(g?).ﬂgﬁﬁ%r?a\ﬁv&t?%mg tc‘ﬁjcl)r}#inuously filled with fresh,
clean DI water from the tank bottom, dirtier water is removed from upper portion of
the process tank (18) to the overflow compartments (31) and discharged through
an over-flow drain valve (25), this process goes on for a preprogrammed time
before valve (27) closes to stop the DI water supply. The overflow time can be
carried out for a time period of at least 30 seconds and preferably for

approximately 1 minute 30 seconds.

At this point, the IPA and nitrogen vapor mixture is introduced into the tank
(18), the over-flow drain valve (25) closes to prevent escape of the IPA and
nitrogen vapor mixture. Valve (26) opens to allow DI water to slowly drain through
valves (26) and (28) and discharge to waste drain (35). Pressure within the tank
(18) is continuously equalized through a PFA tube (32) connected to exhaust. The
IPA and nitrogen vapor mixture diffuses into water surface and causes a surface
tension gradient into a wetting film of the wafer. This gradient effectively removes

the dirtier water together with any contaminants from the wafer surface. The IPA
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(18) is continuously equalized through a PFA tube (32) connected to

exhaust. The 20 IPA and nitrogen vapor mixture diffuses into water

surface and causes a surface tension gradient into a wetting film of the

wafer. This gradient effectively removes the dirtier water together with

any contaminants from the wafer surface. The IPA 10 and nitrogen vapor

mixture is generated in the IPA vapor generator (10). The IPA vapor

generator (10) continuously receives IRA from an IPA supply (12) line

which is one of the feeding systems. The amount of the IPA in the IPA

vapor vessel is maintained at a fixed quantity by continuous liquid level
andenitragkco@apor. Mixiueddbganerstied  iseisoRB0)ahat gendtetsrafid). The IPA

controls the IPA liquid level by turning on /off the IPA supply valve (13)
vapaTrenedaio i 0) geortigeausitdeoriv agriiddfiermanu A sepp)yid I2dthnedvhich

at the bottom of the IPA vapor generator (10) and it is powered by an
is onerrh tas dpathnanaiemsralds amessni gl Etidis. thre Pivvarativessel is

nebulizer (11) generates energy that converts IPA into fine like particles.
maieing &t davastiiove trriinyR wedifnid IevetifredRedarsaelwiiihere is

be pushed above IPA liquid level and it appear like fog. At this point,

o) ARG, SERRAY G 9 ERia R T RRIB e 16/l B BYEhRY dening on
o ?Jé’%é«é‘m?{8%'Bé%%%ir°%6§ﬁa%5$ﬁ§%‘i€f’amiﬁ,% ko
oG s A A T TR
pcgzv(\)/re1 {aoclletgya%ﬁeg%%ghg]hgslgﬁa?or tﬂ%ro%%%ll%@gé 'I)t(rtgégr{lc oscillations. The
ultrasonic nebulizer (11) generates energy that converts IPA into fine like particles.
As the energy waves move through the IPA, the fine like particles will be pushed
above IPA liquid level and it appear like fog. At this point, nitrogen supply valve
(15) is opened and nitrogen is introduced into the IPA vapor generator (10)
wherein the nitrogen is directed to the IPA liquid surface and carries the IPA fine
particles away to form an IPA and nitrogen vapor mixture. The oscillator operates
in megasonic frequency of 1.6 to 2.4 MHz range. However, the frequency of the
oscillator can be controlled as needed. The IPA and nitrogen vapor mixture is
transported to the process tank (18) via PFA tube at ambient temperature and

diffuses into the water surface as mentioned at the beginning of this paragraph.

It is important to control concentration of the IPA in the IPA and nitrogen
vapor mixture in a proper range (1.5 to 2.0 % v/v). When the concentration is too

low, effective drying is not obtained. But when the concentration is too high,
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transported to the process tank (18) via PFA tube at ambient temperature
and diffuses into the water surface as mentioned at the beginning of this
paragraph. 20 It is important to control concentration of the IPA in the IPA
and nitrogen vapor mixture in a proper range (1.5 to 2.0 % v/v). When the
concentration is too low, effective drying is not obtained. But when the
concentration is too high, 11 excessive IPA in the IPA and nitrogen vapor
mixture will condense on the wafer surfface resulting in poor cleaning.
Concentration of the IPA has to be controlled at a concentration of less
than 2% v/v (volumetric ratio of IPA/mixture of IPA and N2) which is the
exoassiexplysion theitloA 1rAd Titeogenceapertionixtdng wilh chedersaran3he wafer
nitrogen vapor mixture from the IPA vapor generator (10) is kept constant
susjacsfeRsNERgdorRasficaingmoancentBlan ofdhs:Htahas (tropeberntrolled at
power and frequency of the generator (10) and nitrogen flow rate. The
a GRAIRATYPARNCPHIRS B (et /mviNe YalmS E & Exliarab dridmp ks of 16 and No)
determines the efficiency of dryin Brocess. When drain speed is too fast,
whigh & lowesRIPlpsiar Hid f@ﬁ’! v ABELOBARRHAEQIh AT tHAR ditdbgy!PA and

affect the drying and cleaning effect. On other hand, if the drain speed is

”i%Q\%’I_h\éfi‘Pﬂ{e"Hﬁ}i‘ﬁﬁ ﬁﬁ%é@%#ﬁc‘?\eﬂéy% &Féﬁ@i?Tﬁéoaré?nh?@BPBWSta”t by
B KPR DTt BRSOl AU PSRRI Liried Power and
; Thereforef Hée drain sg}eﬁiéifix&d t a different tdrain speed according to

" SUHaRe Bropety BPthe SLBSHA FFACR'DIT Should

The draining rate of the DI water in the tank is a very important factor, it
determines the efficiency of drying process. When drain speed is too fast, the
surface tension gradient effect will not be effective and that directly affect the
drying and cleaning effect. On other hand, if the drain speed is slow, then the
drying process efficiency is affected. The draining of DI water is also depended on
the process prior to cleaning process which affects surface property of the
semiconductor substrate surface. Therefore, the drain speed is fixed at a different
drain speed according to the surface property of the substrate surface but should
be within a range of 0.001m/s to 0.0025m/sec measured by rate of falling water

level in the process tank (18).

When water level of cleaning solution is drained below the semiconductor
substrate, i.e. wafer, supply of the N, to the IPA generator (10) stop, quick dump

valve (24) opens to drain the remaining water in the process tank (18). Nitrogen is
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be within a range of 0.001m/s to 0.0025m/sec measured by rate of falling

water level in the process tank (18). 20 When water level of cleaning

solution is drained below the semiconductor substrate, i.e. wafer, supply

of the N2 to the IPA generator (10) stop, quick dump valve (24) opens to

drain the remaining water in the process tank (18). Nitrogen is 12 purged

to remove the remaining IPA and nitrogen vapor mixture residue in the

process tank (18). Subsequently, nitrdgen heater will be turned on to raise

the temperature of nitrogen (approximately 80-90C), the heated nitrogen

gas removes all residue condensation of IPA and water vapor from the
puwraéet Jo5reamEpatidtcaremanitd Waks ddentiageniorapthisnixiing sejglise in the

preferably carried out for approximately 5 to 10 minutes. At the end of this
proegsaHedovd B82S ksepeenrity andregefulleaiRidwilhfeesturtedagsette raiee the

removed form the process tank (18). 10 Therefore the present invention
teﬂ&em@%vaﬁtag%@md@nmwnﬁé@m&@r@m% &pehsiied nitrogen gas

equipments, contamination problems and inconsistent concentration of

reFPWﬁﬁrcﬁihé@é'% tHRNRRSAOM A 18P AryiRg pratess/aPifefrom the wafers,

semiconductor substrate. 15 20 13 . ) ) , )
cassettes and vessel walls by evaporation. This drying step is preferably carried

out for approximately 5 to 10 minutes. At the end of this step, the cover (20) is
opened and the fully dried wafers and cassette are removed form the process tank

(18).

Therefore the present invention has the advantages of not having
flammable mists, expensive equipments, contamination problems and inconsistent
concentration of IPA introduced into the process tank for drying process of the

semiconductor substrate.
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CLAIMS 1. An assembly of apparatus for drying electronic substrate
comprising a chamber (18) for cleaning and drying the substrates, means
(10) for generating a polar organic compound vapor and mixing the vapor
with an 5 inert gas, an inert gas supplier and a drainage system at the
chamber characterized in that wherein the means (10) for generating a
polar organic compound vapor and mixing the vapor with an inert gas
includes: i) at least one inlet (12) for ré8eiving the polar organic compound
in liquid form continuously from a polar organic compound liquid supply;
10 ii) a means for generating ultrasonic energy (11) which converts polar

CbAIME: compound liquid into particles attached to the means for

generating polar organic compound vapor; iii) oscillator that generates
pdwetio aseambinfopgRaka N dollteasngice eediR)iq 13YbsBate saaeuxising a
one inlet (14) for receiving an inert gas wherein the inert gas is mixed with

the pelaaRgaMtDoipotitangicies: Wraingatieorid befiiatedr means (10) for
transporting and introducing the mixed polar organic compound vapor

with SRIEERED TEUARRTIBN EICARIRRH ORI FAdTEeg dAk vapor with an
substrates; and 20 wherein the means (10) for generating polar organic
compBER 98 A hMRE ity THERNGS RN i EARAREISYR daép%oﬂﬁ fRERmber

the chamb 8); . . .
© Ccﬁeggacetglj'ze)d far?%at wherein the means (10) for generating a polar organic

compound vapor and mixing the vapor with an inert gas includes:

i) at least one inlet (12) for receiving the polar organic compound in liquid
form continuously from a polar organic compound liquid supply;

i) a means for generating ultrasonic energy (11) which converts polar
organic compound liquid into particles attached to the means for
generating polar organic compound vapor;

iii) oscillator that generates power to the means for generating ultrasonic
energy (11);

iv) at least one inlet (14) for receiving an inert gas wherein the inert gas is
mixed with the polar organic compound particles;

V) at least one outlet for transporting and introducing the mixed polar
organic compound vapor with inert gas to the chamber for drying
process of the electronic substrates; and

wherein the means (10) for generating polar organic compound vapor and

mixing the vapor with inert gas is spaced apart from the chamber (18); and
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14 wherein the introducing of the polar organic compound mixed with the

inert gas to the chamber (18) is controlled by a control device to ensure a
consistence concentration of the mixed polar organic compound and the

inert gas; and wherein a sensor (30) for monitoring and controlling polar
organic compound 5 liquid level is connected to the means (10) for

generating polar organic compound vapor. 2. An assembly of apparatus

as claimed in claim 1 wherein the poladorganic compound is isopropyl

alcohol (IPA). 10 3. An assembly of apparatus as claimed in claim 1

wherein the inert gas is nitrogen (N2) 4. An assembly of apparatus as
cloiheseimtictainiredubingiof e @lelaronianis cumewatelisixedmwitotioeidtert gas
wafer. 5. An assembly of apparatus as claimed in claim 1 wherein the
odeillaeochapabated 8 ihecanstplleshhy fregaetioy devias tto 2aRURe 20w sistence
method of drying electronic substrate comprising submerging the
eleRReHIt alipR AR MixrhAMEr URARA FPARALAThand e iR grd
polar organic compound in liquid form into means (10) of generating a
pAYRETEN R RENEYorBbIPIINapEPN ANdicgREe! agd?q}%fhoaaaﬂ@nceawound

generating . .
liquid level is connected to the means (10) for generating polar organic

compound vapor.

2. An assembly of apparatus as claimed in claim 1 wherein the polar organic

compound is isopropyl alcohol (IPA).

3. An assembly of apparatus as claimed in claim 1 wherein the inert gas is

nitrogen (N).

4. An assembly of apparatus as claimed in claim 1 wherein the electronic

substrate is a semiconductor wafer.

5. An assembly of apparatus as claimed in claim 1 wherein the oscillator

operates at the megasonic frequency of 1.6 to 2.4MHz.

6. A method of drying electronic substrate comprising submerging the
electronic substrate in a cleaning solution in a chamber (18), introducing a

polar organic compound in liquid form into means (10) of generating a polar
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20

a polar organic compound vapor mixed with the inert gas, introducing the
vapor mixed with inert gas into the chamber (18) to form an organic liquid

layer on a surface of the cleaning solution, extracting the substrate from

the 5 cleaning solution, draining the cleaning solution and drying the

substrate characterized in that wherein the method for generating a polar
organic compound vapor mixed with inert gas includes: i) generating

polar organic compound vapor at 1.5 12.0 % v/v by using means of
generating ultrasonic energy (11) which converts the liquid to 10 vapor in

the means (10) for generating polar organic compound vapor; ii)
introduganyaloerinegetigdsyapanaidmetiigstiigpia pareviitto ahdned gas (Y8neating
generating a polar organic vapor to form a inert polar organic compound
vapoR Pylata@iganiagcanpastshivaoRmaixgGnyihitheonpdgaslidui®dacing the
inert polar 15 organic compound vapor in the means of generating a polar
orgaRPYapHxesndithharinahe iMeathe shepkeadi§)ute-deeRiar msgganic liquid
(11) is powered by an oscillator that operates at 4.6 to 2.4 MHz; and
wherBMeEE St aritkatisae &f the sinartig srltiimpstinatingobeis Wortifeiom the
20 between 1.5 - 2,0 % v/v; and wherein the draining solution is

condGERYGA Y I JEAP G Rm/LENEacTEHIRN and drying the substrate

characterized in that wherein the method for generating a polar organic
compound vapor mixed with inert gas includes:

i) generating polar organic compound vapor at 1.5 — 2.0 % v/v by using
means of generating ultrasonic energy (11) which converts the liquid to
vapor in the means (10) for generating polar organic compound vapor;

ii) introducing the inert gas at a volumetric supply rate into the means (10)
of generating a polar organic vapor to form a inert polar organic
compound vapor;

iii) maintaining a constant volume of organic compound liquid or inert polar
organic compound vapor in the means of generating a polar organic
vapor; and

wherein the means of generating ultrasonic energy (11) is powered by an

oscillator that operates at 4.6 to 2.4 MHz; and

wherein concentration of the polar organic compound vapor is controlled

between 1.5 -2.0 % v/v; and

wherein the draining solution is conducted within a range of 0.001m/s to

0.0025m/s.
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16 7. A method of drying electronic substrates as claimed in claim 6
wherein the polar organic compound is isopropyl alcohol (IPA). 8. A
method of drying electronic substrates as claimed in claim 6 wherein the
5 inert gas is nitrogen (N2) 9. A method of drying electronic substrates as
claimed in claim 6 wherein the electronic substrate is semiconductor

wafer. 10 15 20
16

7. A method of drying electronic substrates as claimed in claim 6 wherein the

polar organic compound is isopropyl alcohol (IPA).

8. A method of drying electronic substrates as claimed in claim 6 wherein the

inert gas is nitrogen (N2).

9. A method of drying electronic substrates as claimed in claim 6 wherein the

electronic substrate is semiconductor wafer.





