1 APR 2005 -1 WAFER CLEANI NG MODULE AND METHOD FOR CLEANI NG THE SUH?%&E&EH
A SUBSTRATE by Inventor Yehiel Gotkis 5 BACKGROUND OF THE INVENTICNTT Haiits
present invention relates generally to substrate cl eaning and, nore
particularly, to a wafer cleaning nodule and a nmethod for cleaning a
surface of a substrate. As is well known to those skilled in the art, wafer
preparation and cl eaning operations are perfornmed in the fabrication of

sem conduct or devices. One of the functlens of a wafer 10 cl eaning
operation_is to renove contam nants such as adhered particles and adsorbed
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particles in the slurry may bond tg,phe,mafer surface and chemicals in the
slurry may be adsorbed over the wafer surface. 15 As the feature size of

Integrated circuits continues to %ﬂ%ﬁ% . It is inperative that wafer
.surfaces being subjected to fabricatl gﬂ%rations be as close to 100% free

of scontamination as is BASKGRYUND OF ni ng operation, wafers

are scrubbed with brushe - bi ng stations to renove
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cl eani n?ﬁoperat I ons do not produce a contam nation-free wafer because 30

t hey def adafer sudacs. alyative particleain the shusty mashbond tod wafepsiréaceand bonded to
the méﬁémi%ﬁig fir?‘ﬁl% slurry may be adsorbed over the wafer surface.

15 As the feature size of integrated circuits continues to decrease, it is imperative that

wafer surfaces being subjected to fabrication operations be as close to 100% free of
contamination as is practical. In one known cleaning operation, wafers are scrubbed with
brushes in one or more brush scrubbing stations to remove contaminants from the wafer
- surface. During brush s;rubbing, local jets created by the mechanical movements of the
C 20  brashes produce sufficient shear forces to dislodge a high percentage of contaminants from
the wafer surface. In some instances, the brush scrubbing operation is supplemented by
megasonic agitation, which shakes the wafer surface and thereby assists in the breaking of thel
- intermolecular bonding between contaminants and the wafer surface. In other instances,
chemicals such as KOH and NH4OH are introduced at the cleaning interface to enhance the
25  cleaning process. When such chemicals are used, the distortion forces created by ions of the
~ same electrical charge help overcome the intermolecular bonding between contaminants and
the wafer surface. '
. The cleaning operations discussed above suffer from a number of shortcomings. First
and foremost, these cleaning operations do not produce a contamination-free wafer because

30 they do not remove about the last 1% of contaminants, which are bonded to the wafer surface




1 APR -2 with extrenely strong internol ecular forces. Second, conventionabii
brush scrubbing operations are coordinate centric. In other wordg;
conventional brush stations do not scrub the center of wafers and the

edges of wafers uniformy. Accordingly, multiple cleaning operations may

be required to clean the entire surface,of the wafer thoroughly. This is
undesirable 5 because it increases the overall tine expended on wafer

cl eaning and thereby reduces throughput. Third, the brushes may cause
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In accordance with one aspect of the present invention, a first method for cleaning a

surface of a substraté is provided. In this method, an amount of a solution is suppliedon a
20  surface of a substrate. Next, crystallization of the solution is initiated to form a liquid-

L_ crystal mixture. Once the liquid-crystal mixture is formed, relative motion between the
liquid-crystal mixture and the substrate is created to dislodge contaminants adhered to the
substrate. The method is particularly useful in the cieaning of semiconductor wafers.

In one embodiment, the operation of initiating crystallization of the solution includes

25  heating the solution. By way of example, the solution may be heated with infrared radiation
- or may be heated by applying heated gas to the solution.

In one embodiment, the operation of creating relative motion between the liquid-
crystal mixture and the subsirate includes rotating the substrate. Alternatively, the relative
‘motion may be created by agitating the liquid-crystal mixture with a brush.

30 In accordance with another aspect of the present invention, a second method for

- cleaning a sﬁrface of a substrate is provided. In this method, a solution is applied on a pad.




cleaning a surface of a substrate is provided. In this method, &spPIAfE o
is applied on a pad. 'l APR 2005 Crystallization of the solutionis then
initiated to forma liquid-crystal m xture on the pad. Thereafter, the

met hod continues by contacting a surface of the substrate with the pad. In
one enbodi nent, the pad is sel ected frognhe group consisting of a
belt-type pad, a rotary pad, and an orbital-type pad. 5 In accordance with
yet anot her aspect of the present invention, a third nmethod for cleaning a
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capabi tiyktyl mixtyieab didpgscricpiagai.am nati on-free substrate by renoving the
|l ast 1% of contami nants adhered to substrate surfaces by extrenely strong
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cl eani 1§ C3GyIRg @scicoadpdier wrfss Adso inghided i thetwaler cleaning module is a
crystallization inducer for inducing crystallization of the saturated solution, The dispenser,

20  the carrier head, and the crystallization inducer are disposed above the belt;type pad such
(: that the crystallization inducer is situated between the dispenser and the carrier head. In one
embodiment, the crystallization inducer is an infrared lamp. h

The wafer cleaning module and the methods for cleaning surfaces of substrates of
the present invention are advantageous as they have the capability of yielding a
25 contamination-free substrate by removing the last 1% of contaminants adhered to
substrate surfaces by extremely strong intermolecular bonding. More particularly, the -
crystal bath cleaning method of the present invention is beneficial because it has the.
ability to clean a substrate having a heterogeneous surface without introducing cross-
contamination or micro-scratches onto the substrate surface. Additional advantages of the

30  wafer cleaning module and the methods for cleaning surface of substrates of the present




| APR 2005 invention are that they are flexible, are not coordﬁﬁatﬁpg 2005
centric, and do not reduce throughput because they do not create a

bottl eneck in the overall cleaning process. It is to be understood that the
foregoi ng general description and the following detailed description are
exenpl ary and explanatory only and are pot restrictive of the 5 invention,
as clai med. BRI EF DESCRI PTI ON OF THE DRAW NGS The acconpanyi ng draw ngs,

whi ch are incorporated in and constitute part of this specification,
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description serve to explain the princip the invention. 10 Figure 1
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in cleaning a surface of a sem conductor wafer in accordance with one

embodi nent  ofis tdee utdeeG6ul that e Mirking Firgtll GelripfioafE IR TBlloWing
cross-sectional view of a cleaning nodule illustrating the supplying of a
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15 he.n%esent ic{;ven ion. Figure 3Ais an enlarged, cross-sectional,
parti al e 8F CPHBhat er depicted in Figure 2 illustrating the coating of

t he wafer surface Wi-tmgﬁﬁﬂ'ﬁfﬁ@#ﬁ&%ﬁiﬁrﬁﬁhﬁﬁmﬁﬁ gure 3B is an

enl arged, cross-secti epicted in Figure 2
illustrating the cracking of a crystal filmformed upon evaporation of the

liquid in =28 abh@mpaying dedwifita whidhdre iR orgoked B #hdi condtithlepietFrhisdi agr am
illustrating the nmethod operations performed in cleaning a sem conductor
waf er $pscHigadonillutirateexsapdary smbediments ofiiet inventiomaditngatherofith the pr esent

et bR 8o BRI S hRRERBRL) o7 v e of = of eaning
surd ace usi Pigufe PANGELE®s R TeWRhird RN SaiGmg the IRmatopRRBbReperithrdl ment of
the present invention. Figure 5B iS an éexploded, partial, cross-sectional
vi ew oitl dlesingas syrfage of a serdiconduckirgvafer isAcedrianse with ong entwdémentayfthent of t he
adher egreg)canrtfiriw%ln 3n_wi th the freshly formed crystals. 1 APR 2005
Figure 2 is a schematic cross-sectional view of a cleaning module illustrating the
supplying of a saturated solution on a wafer surface in accordance with one embodiment of
15  the present invention. |
Figure 3A is an enlarged, cross-sectional, partial view of the wafer depicted in-
Figure 2 illustrating the coating of the wafer surface with a layer of a liquid-crystal.
| Figure 3B is an enlarged, cross-sectional, partiél view of the wafer depicted in
Figure 2 illustrating the cracking of a crystal film formed upon evaporation of the liquid in
( 20  the liqnid-crystal mixture.
Figure 4 is a flowchart diagram illustrating the method operations performed in
cleaning a semiconductor wafer using a brush in accordance with another embodiment of
the present invention.
Figure 5A is a schematic cross-sectional. view of a cleaning module illustrating the
25 cleaning of particles adhered to the wafer surface using a pancake brush in accordance
with yet another embodiment of the present invention.,
. Figure 5B is an exploded, partial, cross-sectional view of the wafer depicted in
“Figure 5A illustrating the entrapment of the adﬁered particles with the freshly formed

crystals.




Figure 6 is a flowhart of the method operations performed in cleaning a
sem conductor wafer surface using a pad in accordance with yet anetRefPR 2p5
enbodi mrent of the present invention. Figure 7Ais a sinplified, partlal
cross-sectional view of a cleaning nodule 5 illustrating the cleaning of

the adhered particles utilizing a belt- %ype pad having a | ayer of

| iquid-crystal mxture in accordance with a still further enbodi nent of the
present invention. Figure 7B is an expl oded, partial, cross-sectional view
of the pad Shgwe 6umaﬁngmhmoﬁuﬁemsﬂ\&%pefwohbpeﬁmnﬁbﬁaﬁﬁ af the crystals
and the saturated solution on the pad surface. 10 Figure § is a flowhart
di agr ar?PmFC}OEIQ‘E‘q't% Valgr suskacausingd Pepar aechrsagcewith cwtrmdthen embedinientofa sur f ace
of a sepi Qegl Emgﬁafer utilizing a crystal bath in accordance with

anot her e t he present invention. DETAI LED DESCRI PTI ON OF
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now be described in detail 15 reference to the acc npanyi ng draw ngs.
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oper at ij¥endifg 1 N whi ch a required anount of a saturat ed solution is
supplied on the wafer surface. To obtain a saturated solution, a solid 20
conponent ndygiye 78iis swulexplbded) partial quross-seotiqraih efew ofTthe pail ghown GoForent nmay
be any_, ssuitable liquid suchfgISC for exanple, deionized (D) water or
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pr esentldaningntsicface @ sehecdndgetoriwafed udliting acoyspd bethtis abcedarice witgr m t he

saturated,sol ution sel ected, based on the properties of the species
of t he 2BYHELAR %Pﬂwsn%fétﬁ%wer%ﬁ@anrw a part i cuI ar cl eaning operation. By

way of exanple h to be
cl eaned, the u?ﬁ « A : m%proprr at e:
anmoni um salskeral de ar?g]mﬁﬂﬁ‘ﬁpnt 'df%é %ent?JHWﬁl! x'rlmrﬂé gés%hﬁed g .
car bonat e, ammoni um bi carbonate, 30 etc. gani c acl g., oxallc acid,

talgar lr@“eraud:mll;o ﬂmhcm'ompanyldg deawtingsc aci d, benzor c acid, boric acid, EDTA

etc.; amnm no._aci d Ci ne, i ne,. etc. bases e. ot assi um
hydr oxi de, Iigur ﬁ;\aggbrghzg—t agram 206(11 illustrating the method operatlon% performed in

cleaning a surface of a semiconductor wafer in accordance with one embodiment of the
present invention. The method begins in operation 102 in which a required amount of a
saturated solution is supplied on the wafer surface. To obtain a saturated solution, a solid

20  component may be dissolved in a liquid component. The liquid component may be any

( suitable liquid such as, for example, deionized (DI) water or water-alcohol mixtures. The
solid component may be any suitable soluble solid compound. Thus, those skilled in the art .
will appreciate that a broad range of saturated solutions may be used in the méthod ofthe
present invention.

25 The liquid and solid components used to form the saturated solution may be selected
based on the properties of the species of the contaminants to be cleaned in a particular |
cleaning operation. By way of example, depending on the species of the contaminants to be
cleaned, the use of any of the following compounds may be appropriate: ammonium salts,
e.g., ammonium fluoride, ammonium nitrate, ammonium carbonate, ammonium bicarbonate,

30 etc.; organic acids, e.g., oxalic acid, tartaric acid, maleic acid, citric acid, benzoic acid, boric

acid, EDTA, etc.; amino acids, e.g., glycine, alanine, etc.; bases, e.g., potassium hydroxide,




pot assi um car bonat e, potassium bicarbonate, etc.; solid

chel ating/ oxi di zi ng/reduci ng salts, e.g., potassiurn biphthalate, j APR 2005
pot assi um di chromat e, potassiumferricyani de, potassium ferrocyarri cfe', U3
potassiumnitrate, potassium oxal ate, potassium pernanganate, etc.; solid
surfactants; and ion exchange resins. I_Zg’r I nstance, for cleaning copper
contam nants, it mght 5 be preferable to utilize an acidic conpound such
as any of the organic acids. More details wth respect to the cleaning of
copper possiani caﬂdohae,?dtéssihﬁ; sicavosiae dael d cﬁ&ﬁﬁﬂ%@ﬁﬁﬁiﬂgﬂeﬂ@ﬁn@éaﬂ%be
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thermal drying or freezfng
20 Still referring to operation 102, the wafer surface is then coated by the required
( amount of the saturated sclution. This objective can be achieved utilizing different

techniques. For instance, the saturated solution may be sprayed over the wafer surface until

the saturated solution substantially covers the entire wafer surface. Another option would be --

to spin the wafer until the required amount of the solution has 'substhnti-a]ly coated the wafer
25  surface. A third option would be to form a layer of the saturatéd solution by dipping the

wafer surface into a container having a supply of the saturated solution. Dipping the wafer

surface is cheaper and thus advantageous, as it uses only enough of the saturated solution to

substantially provide a layer on the wafer surface. |

Once the required amount of the saturated solution is supplied onto the wafer surface,

30 the method then proceeds to operation 104, wherein crystallization of the saturated solution is

initiated. Depending on the compound used, the crystallization operation may be achieved




saturated solution. Thermal drying of the saturated solution may be

enhanced by the sinultaneous use of gas flow (e.g., nitrogen and ar?on) at
roomor an elevated tenmperature. The saturated sol ution can furtherb&R 2np5
dried through irradiating the surface wwth infrared (IR) 5 radiation (e.qg.,
infrared | anp). However, some chenical g¢onpounds cannot be heated for

safety or other reasons. In such situations, the crystals nmay be created by
freezing or cooling down the saturated solutions. As is well known, the

sol ubi Ithioyglotitien ipanmobthe eamesashion thioWeh tHeBRT Fhb o Sreedifli bf @kl Y, as the
saturated solution is being heated or cooled, crystals start formng while

some | iSgyraedsqlytion: chhgrmal diying of thesaturated solutiepumay be gshaacedbxthare. 10
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20  objects, i.c., the crystals and the remaining saturated solution, attack the contaminants on the

( wafer surface. At this point, the wafer surface is being mechanically and chemically
bombarded by both the crystals and liquid-crystal mixture. This is caused by substantially
slower movements of the liquid-crystal rﬁixture and crystals with respect to the moving
wafer, as the liquid saturated solution and crysteilé are not anchored to the wafer surface.

25  Subsequently, the chemical bombardment of the contaminants escalates as the concentration
of the saturated solution rises due to an increase in liquid evaporation. Lastly, full
crystallization occurs. While the liquid evaporates, the chemical concentration of the
saturated solution escalates until the saturated solution has completely transformed into
crystal film having crystal hydrates as _its main components. Thus, at the outset, the volumes

30  of the saturated solution molecules increase significantly as the saturated solution molecules

. are transformed into the crystal hydrates. However, subsequently, as heat has been




continuously applied to the crystal film the existing |iquid nol ecul es
contained within the crystal hydrates evaporate, thus reducing the vol une
of the crystals. Consequently, the <crystal filmcracks, thereby ."ge%é‘ﬁ‘a& o
a great deal of energy. This released energy is then transferred to the
adhesion interface of the contam nants and the wafer surface, creating a 5
significant anount of shear forces. Utinmately, the shear forces facilitate
t he breaking of the bonding between the contam nants and the wafer
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7 20  about 30 seconds.

( Figure 2 is a schematic cross-sectional view of cleaning module 200 illustrating the
supplying of a saturated solution on a wafer surface in accordance with one embodiment of B
the present invention. As shown, supply of saturated solution 206 is directed to a surface of
wafer 202 through a plurality of guiding channels 204 defined arouhd a circumference of

25  wafer 202. As shown, a plurality of adhered particles 202a present on wafer surface 202 have
been coated with a layer of saturated solution 206. In one embodiment, a thickness of
saturated solution layer 206 is substantially equivalent to a thickness of adhered particles
202a present. However, it will be apparent to those skilled in the art that in a different
embodiment, the thickness of the layer of saturated solution 206 may vary depending on the

30  application. In the embodiment of Figure 2, crystallization of saturated solution 206 is

achieved by implementing heat, e.g., IR radiation. However, it must be understood by those




any of the appropriate nechanisns, as fully discussed above. Furthernore,. ..
in a different enbodinent, saturated solution 206 nay be cool ed do 8o LS
to reach a crystallization phase. 5 Figure 3Ais an enlarged,
cross-sectional, partial view of wafer 202 shown in Figure 2 illustrating
t he coating of waf er surface 202 with a,l ayer of liquid-crystal mxture in
accordance with one enbodi ment of the present invention. As shown, crystals
206a of saturated solution 206 have substantially entrapped adhered
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substantially act as crystallization centers and as 10 such, initiate the
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Figure 3B is an enlarged, cross-sectional, partial view of wafer 202 in Figure 2
illustrating a cracking of a crystal film in accordance with one embodiment of the present
20 invention. As shown, heat has been applied to saturated solution 206 thus substantially

transforming it to crystal film 206b having the crystal hydrates as its main components. As

&

shown, adhered particles 202a have substantially acted as the crystallization centers and have
been surrounded and entrapped by crystals 206a. As heat application has been c_ontihuous, :
the water molecules of crystal hydrates 206a havé evaporated decreasing the volumes of

25  crystals 206a, thus creating cracks 206b' in crystal film 206b. Energy created as a result of
the cracking of the crystal film 206b has been transferred into the adhesion interface between
adhered particles 202a and wafer surface 202 creating a significant amount of shear forces.
The created shear forces have assisted in the breaking of the intermolecular bonding between
adhered particles 202a and wafer surface 202,

30 The present invention as set forth above, is particularly beneficial in cleaning wafers

- having heterogeneous surfaces, wafer surfaces with topography, and specifically, in post-




copper-CWP cleaning. As is well known, a set of unique challenges is faced
I n patterned copper wafer cleaning. For instance, in addition to ¢l éat"-Hf'f%(jG‘G:ﬂ
the contam nants, a copper cleaning nethod nust further have the

capability to renove copper by-products remai ned on the wafer surface and
waf er backside. In addition, the inplengnted cleaning nethod is 5 required
to prevent any copper corrosion and elimnate wafer-to-wafer cross

contam nation. The present invention neets these needs as it substantially
r enov esoppee-GMBThkaningniAs inwell kaopper sebyf priqeticHalieddes 18 fabal afagemsdr f aces
while elim naa%jﬁn? t he %os_si bility of copper corrosion and wafer surface
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and the., r exanpl e, by spinning the wafer, the crystals and the

i qui da"dmmwﬂ’@f‘“taﬁ = Gc-lf@r?f%é?l%g%l&}cea%tba{?ﬁ agifelRd He PeANY

parti chsr et sl ﬁﬁafﬂguseﬁﬁs lﬂ‘?.%b?lgé gaYuIEtEH §olq¥i§ﬁ.o (ﬂg,. AIREEE A
particles. Then, a solvent is added to the warer "surface in order to
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conventional brus scrubbi’ng operations are coordi nate é‘%nm tive and fail

t o uni Futhermots; inffaresicnadiatitu pénetrdtes 2 adgemtake héw tvafredicimndtyingeimeniner  of
the wafers. .In.additi .he uyse of crystals . in ? iquid 30 crystal mxture
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tcgﬁt a%&r%gﬁfﬂsw%ﬂ%&a?)pgr A afiiljgggcstg%dé RErFURRL A centbed fcfare R eHBhfid by
20  crystal hydrates. As a relative motion is created between the liquid-crystal mixture of the
(i saturated solution and the wafer, for example, by spinning the wafer, the crystals and the
liquid components of the liquid-crystal mixture attack the adhered particles chemically and
~mechanically thus dislodging theladhered particles. Then, a solvent is added to the wafer
surface in order to dissolve the entrapped adhered. particles and saturated solution crystals
25  without introducing any micro-scratches on the Wafer surface.

The use of crystals to dislodge the contaminants from the wafer surface as set forth
herein is advantageous because it is not coordinate centric. In contrast, conventional brush
scrubbing operations are coordinate sensitive and fail to uniformly brush scrub both the
edges of the wafers and the center of the wafers. In addition, the use of crystals in a liquid-

30 crystal mixture to dislodge contaminants provides the capability to clean the last 1% of the




in small recessed topography features of the wafer surface. Figure14&ba,aﬂ$
flowchart diagram 200b illustrating a nethod operations perforned i‘n FROL0W
cl eaning a sem conductor wafer using a brush in accordance with one

enbodi nent of the 5 present invention. The nmet hod begins in operation 102
in which a required amount of a saturatgd solution is supplied on a wafer
surface. Next, the nethod noves to operation 104, wherein the
crystallization of the supplied saturated solution is initiated. Operations
102 angot@mitrakerehasiing o thy sdbshatessmefdcs mteding tohtinfah@nER atodipasie 1. The
met hod.then_continues to operation 110, wherein the wafer surface having a
10 |iqd® W&#Vé’?ﬁ?df;ﬁl’}@mhy cattes efithe walen senfaccembodi ment, the brush may be a

lyvinyl gk l I h, In this enmbodi . .th
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enhanci ng the dislodging of the contam nants fromthe water surface.
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appropriate brush style, e.g., penci rushes or rotary br es al so may
be used02 mid 10dchavebeen hdlyidiwusdediabgvewitie raferenaf toMiAre floam  t he i npl enent ed
brush may be, made of . an ropriate rial, e.g., nylon or 20 nohair.
The met hod eﬂe&?ﬁeﬂlﬂl %@%%B?Pr WQPraBQHNEi]@éYI?EﬁB@q water aitase hayisgai ng nodul e
200" B} tal ThistH&isTiudtl U ST &t drihdiEni CIhE IR ayf face adhered
{_particllgﬁsi ug ng 1a palr?cake br usﬁ%éﬁgﬁﬁéﬁggﬁﬁﬂgﬁ%%ﬁ%%WWnt of the
pr esenglcplinl €RViAd pancake stybevrush. rinfhig embodifnene ah¢ Elesmibe actadld &f ths ligeiat i gur ed
to rotateai'rn.a rot%i on direction 226 while 25 engagi ng wafer 202 utilizing
r et ai nPAG T PRYMS 08 B¢ foriaainapis strupeinmentidihyr the mshanieal pvemsnts ofthe coat ed

L SpdrRRE b, SRR SR Ul RllodRs ofhe BB 208 goRadfment, brush

224 nounted on plate 222 Is positio ove and to the |eft
of carsurfce. Hebrdqupdlyaincbpestionin8 ghe didlddgedeonppinang aha ligaidecryslr f ace 202

wth force F ile jt. rotate in brush rotation direction 220.

Cr sta’i‘?ﬁ%ﬁ%%ﬁ @PIW?‘@V%@‘?%%@%wﬁ%ﬁtim ly 30 above and to the
l eft of carpigs Abddi : ' : Gl | d ' inducer 212 -
| APIR 12100~ byl e heﬁﬁhg&%ﬁ@”gﬁgﬁ%ﬁfé I?@Ir’r%é‘e SAEbhAH, it B

r adi at beoappyreinsedibethosy skilgdsinathé brt dait @y appropriate brush style, e.g., pencil

brushes or rotary brushes also may be used. Furthermore, besides being made out of PVA

gl

foam, the implemented brush may be made of any appropriate material, e.g., nylon or
20  mohair.

The method of Figure 4 can further be understood in view of cleaning module

5

'200b' shown in Figure 5A illustrating the cleaning of wafer surface adhered particles using
a pancake brush in accordance with one embodiment of the present invention. As shown
in Figure 5A, carrier head 214 is configured to rotate in a rotation direcﬁon 226 while
25  engaging wafer 202 utilizing retaining ring 216. In one embodiment, adhered particles
202a are coated with a layer of saturated solution 206. As shown, in one embodiment,
brush 224 mounted on plate 222 is positioned substantially above and to the left of carrier
head 214 and is configured to be applied to wafer surface 202 with force F, while it rotates
in brush rotation direction 220. Crystallization inducer 212 is positioned substantially
30 above and to the left of carrier head 214. In one embodiment, crystallization inducer 212




I nducer 212, e.g., lanp is substantially ainmed onto wafer surface 202.
Figure 5B is an expl oded, partial, cross-sectional view of wafer -2024A8RoW>
in Figure 5A illustrating the trapping of adhered particles 202a with
freshly formed crystals 5 206a of saturated sol ution 206. The wafer

cl eani ng nodul e 200b of Figure 5A enploys a conbination of chem cal and
mechani cal forces to di sl odge adhered particles 202a from wafer surface
202. Initially, as wafer 202 rotates in rotation direction 226, crystals
206a ofs a heagini dnasiules £.gl, aimp.uAe skown,cheradizioh wenerdtedby oaysiatlidatipn bonbar d

adhered parti,cl es 202a. Thi s, qmechanj cal bgnbardnents are the result of the
col | usf’gﬁlcgfi.@r 8‘5/’%459‘?1’?6“%?@%% onte Ak SPEack¥B- wi th particles 202a
t hus di sl odgqg;ge gﬁ@@&p&lpgﬁegl rﬁorﬁﬁ &Qgﬁgc%%gﬁ% of@gfe{ gég@é)&q.] inat tacks are

the result of the evapo Ifquid present rn sa sol ution 206.
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{the saturated solution to be suppli ed on the ‘pad is configured to be
subst afftamiralyattacks agnthesequlirafithe ¢vaperation of lignid presenttindamoited sadwtian t he
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Thereafter, the nethod continues to operation 114, wherein crystallization
of t heliguigsrystad mixture rotatd instotation giirertion 206, rethéui briisie 22 issppBed entar di ng t he

o o ur SRt AP e e er e 58 at one. 102 and 104 (See
Figure 4) aFigarc@Rla/fidvcHaRe00t bPihe mekiicdd itdatichd peffBaRE il I&inihg 80 Once the
crystals start appearing on the pad surface, thé nmethod then rmoves on to
oper at$eHcandgctopfiafasisuriadecisingf aspadsin atenrdance mith anetier embodicentiof thet he pad.
In thi ﬁregre% ﬁ%%ntién.Aﬁ% fnetiig’d begins in operation 112, wherein a saturated solution is
supplied on a pad. In one embodiment, the pad is a soft pad; however, it must be
20  understood by those skilled in the art that any other appropriate type of pad also may be
( \ used. In one embodiment, the amount of the saturated solution to be supplied on the pad is
“ configured to be substantially enough to form a layer of the saturated solution on the entire
pad surface. This objective can be achieved by supplying the saturated solution onto the
pad surface utilizing different methods, e.g., a guiding channel or spraying the pad directly
25  with saturated solution. Thereafter, the method é_ontinues to operation 114, wherein
crystallization of the supplied saturated solution is initiated. The details regarding the
solution and the crystallization of the solution to form a liquid-crystal mixture described
above in connection with operations 102 and 104 (see Figure 4) also apply to operations .
112 and 114, respectively.
30 Once the crystals start appearing on the pad surface, the method then moves on to

. operation 116, wherein the wafer surface comes into contact with the pad. In this method,




the chem cal attack of the liquid-crystal mxture on the contam nants
begi ns when the crystals of the liquid-crystal m xture surroung« Qn@pgnggi@ﬁp
the contaminants as the liquid- crystal mixture comes into contact with the
contam nants. Thereafter, this chem cal attack is supplenented by the
mechani cal novenents of the pad, ultinmately, dislodging the 5 contam nants.
At this point, the nethod is done. The nethod of Figure 6 can farther be
understood in view of Figure 7A. Figure 7A "is a sinplified, partial,
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partial,,.c Sg S lbonal .vi ew, ad 208 shown in .Figure 7A, revealing the
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i nvention. The nmethod begins in o l. ‘of a
sol ut i dlamips As swholeht gdieeated frpmycrpdtallibaticndhdiides ]2 ishiiebtedny siteragedsat ur at ed

solution,.,i referaply..pl.aced in a container and i s enough to cover a
seni Cosr?m 0%\,5%38?32\“%11&“8 present 1n saturated solution 206, thus creatigg a liquid-

crystal mixture. As pad 208 moves in movement direction 218, the liquid-crystal mixture
20 comes into contact with adhered particles 202a of wafer surface 202, thereby dislodging

&\ adhered particles 202a.

Figure 7B depicts an exploded, partial, cross-sectional view of pad 208 shown iﬁ
Figure 7A, revealing the co-existence of crystals 206a and saturated solution 206 on pad
208 in accordance with one embodiment of the present invention. Althbugh in this
25  embodiment pad 208 is a belt-type pad, it must be understood by those skilled in the art
that pad 208 may be any appropriate shape, ¢.g., rotary or orbital-type.
Figure 8 is a flowchart diagram 200d illustrating the method operations performed
in cleaning a surface of a semiconductor wafer utilizing a crystal bath in accordance with
one embodiment of the present invention. The method begins in operation 120 in which a
30 supply of a solution is provided. The supply of the solution, which may be a saturated

solution, is preferably placed in a container and is enough to cover a semiconductor wafer




| e, Uz,'~) -14 placed inside the container. Mre details with respect to

the solid conponent and liquid conponent to be utilized in the faKifgtofils

the saturated sol ution have been provided above wth respect to operation

102 (see Figure 1). Thereafter, in operation 122 the wafer is placed in the

saturated solution. 5 Continuing to opefation 124, the nethod then

initiates the crystallization of the saturated solution. The details

regarding the crystallization operation described above in connection wth
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the liquid state of the saturated solution thus releasing odged
cont anisrfagated shraughirpieting theavafernineide slud liquid-orybal mixtds tiade Howsye] inkat h
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waf er cl eaning can be acconplished in multip repeate eaning -
oper at ihervafen apdghe iquidcogtal anisture, hke firedhdy farmed Orystaicaieround bbdemstept ai ner
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contaminants may be dislodged as a result of the jets created by the movement of the
20  wafer, or the agitated liquid-crystal mixture through megasonic agitation. Finally, as the
(_} - method continues to operation 120, the liquid-crystal mixture is de-crystallized by e.g.,
increasing the temperature of the liquid-crystal mixture to above the Tc. As the
temperature of liquid-crystal mixture increases, the crystals start transforming back into the
liquid state of the saturated solution thus releasing the dislodged contaminants into the -
25 saturated solution bath.

As the crystal bath cleaning method does not utilize a brush in cleaning the wafer
surface, it is very flexible and thus advantageous. It is specifically beneficial in cleaning of
wafers having heterogeneous surfaces,.e. 2., copper wafers, as wafer cleaning can be
accomplished in multiple repeated cleaning opei'ations. In such situations, the wafer is

30  placed in the container filled with the saturated solution suitable for cleaning a first type of

_ contaminants and by-products and cleaned. Then, the container is drained and the wafer is




contam nants and by-products and cl eaned. Then, the container is d\rlélgﬁﬁ -
; ;

and the wafer is 1 APR 2005 -15 rinsed and dried for a subsequent \ 2005

cl eani ng operation. Next, the wafer is cleaned by placing the wafer in the
container filled with a saturated solution suitable for cleaning a second
type of contam nants and by-products. Thereafter, the container is drained
once nore and the wafer is rinsed and dried for a second tine. This

cl eani ng sequence nmay be 5 repeated for as nany tinme as necessary w thout
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this @hisand the wafertin shescontainer éifled olitita suurniad sclotibme shithblerfor cleaiagh its Tc,
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renmove the  particles fromthe wafer surface in this case. In summary, the
pr esenPTORGIERING APYREMSdes et hods for cleaning a surface of a 15 substrate
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been dembodingshtthe eitirated sbiutioh wagosled dbah tpraatieis od, @niffessant s. O her
enbodi ment g, of the invention will be apparent to those skilled in the art
f r om c GROPEIEeRt; tBs saturated solibien mayhstheated antil plawidicsystal miktvee israfiainedon. For

exagpl ' miﬁﬁ -he L fi.ed. to include negasoni.c: 20
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t he appended, clains. Wiat is clainmed is: 1 APR 2005 -16 CLAIMS 1. A nethod

for cl édppiegisgolution andringingofithe srystalseyowd bp gped erpughippimoveghen amount of a
the |1 BTSSR R ARy hisaR "ol i on T's applied 1o oo
In summary, the present invention provides methods for cleaning a surface of a
15 substrate by creating a relative motion Eetween a liquid-crystal mixture of a solution and a
substrate and a wafer cleaning module. The invention has been described herein in terms
of several preferred embodiments. Other embodiments of the invention will be apparent to
those skilled in the art from consideration of the specification and practice of the
invention. For example, the cleaning methods may be modified to inclﬁde megasonic
20  agitation at some phases. The embodiments and preferred features described above should
( be considered exemplary, with the invention being defined by the appended claims.

What is claimed is:




the surface of the substrate by heating said liquid solution to form .
liquid-crystal mxture on the surface of the substrate; and cl eani ﬂ]ﬁ%%éﬁﬁ
surface of the substrate by creating relative notion between the |iquid-
crystal m xture and the substrate. 2. The nmethod of claim1l, wherein the
substrate is a sem conductor wafer. 3."he nethod of claim1, wherein the
liquid solution is a saturated | iq:t:' d _solution. 4. DELETED. 5. The net hod
of claim1, wherein the liquid sol s heated with infrared radiation.

6. The net hpd of ,cl aj erein the liquid solution.is heated by applying
heat od gas o ¢ MARER forinRasoriite of SSBAR Uit 1 wheroi n ¢ he
operati on ofpoliyiffhh BSoUR GHd NidBhEsh o §SUERR dffaGublipié;d- crystal m xture
and the substrate conprises rotating the substrate. 8. The method of claim
1, further inomiingsiystpllizainng the digiidesuiution atice seldviiquid yelution is aplied to
liquid-crystal mxtyre. 9. The nethod of claim11, wherein the operation of
creat i g s{rdfckqt oe ﬁ&sﬁrﬁﬁ%ya’@emw Hauidjsglytian &o Jermp e Al petyes on
substr mi%l j iNg the liquid-crystal mxture with a brush. 10.
A net htggg‘#l?)r cféanl r?gg%tgg%ﬂr?ace of a sem conductor wafer, conprising:

appl yi ng a dieapingl thecdufat®© of die subp@ste biyrirédtinkirolaticé ysdtnl bexwédrothe diquidie
liquid solution to forma |liquid-crystal mxture on the pad by adjusting a
t enper@ysipldnigfure gad thequbstrale ution to a tenperature at which

crystallizajion : .cl.eanin surface. of th ] ctor wafer
by contact iaérig thgﬁcgﬁ]#{hg)gé)?ggl lﬁhle%"h re‘%' @’gnsg’é%t&g?lsm%ﬁeé?sﬁc@%b%%&gé}ti on of the
pad having 3.he | TR ntttiEéd BF Allaifl X! WiRrdin @h€ WquidL solititn ' iRZ0ORuratedl fiduid
DELETED. 12. The nethod of claim 10, wherein the liquid solutionis a.

sat ur #OB8#io%el uti on. 13. The method of claim 10, wherein the pad is
selected frpma nsisting of a belt pad, a rotary pad, and an
orbital pad‘!Cz BERETED

5. The method of claim 1, wherein the liquid solution is heated with infrared
radiation.

6. The method of claim 1, wherein the liquid solution is heated by applying
heated gas to the liquid solution. -

7. The method of claim 1, wherein the operation of creating relative motion
between the liqﬁid-crystal mixture and the substrate comprises rotating the substrate.

- 8. The method of claim 1, further comprising: '

adding a solvent to dissolve crystals in the liquid-crystal mixture.

9. The method of claim 1, wherein the operation of creating relative motion
between the liquid-cryétal mixture and the substrate comprises agitating the liquid-crystal
mixture with a brush. '

10. A method for cleaning a surface of a semiconductof wafer, comprising:

applying a liquid solution on a pad;

initiating crystallization of the liquid solution to form a liquid-crystal mixture on the
pad by adjusting a temperature of the liquid solution to a temperature at which crystallization

- occurs; and
cleaning a surface of the semiconductor wafer by contacting the surface of the

semiconductor wafer with a portion of the pad having the liquid-crystal mixture thereon.




14. A method for cleaning a surface of a substrate, conprising: providi r)‘%ﬁ_,
P .-.J

a bath of a liquid solution; placing a substrate in the bath of tj‘fﬂe?|m3(i'~|_]i.;
solution; initiating crystallization of the liquid solution once the
substrate is placed in the bath by heating said liquid solution to forma
i quid-crystal mxture in the bath; and?cl eaning the surface of the
substrate by creating relative notion between the |liquid- crystal m xture
and the subblt.ratELESEDThe met hod of claim 14, wherein the substrate is a

sem conduct er. .16. .The nethod of .cl.aim 14 .wherein the |iguid
solution 1 st salth neid o P . Whirs R Lo oS apafreSeotfit e o ¢ ne
oper at1on of3.! M Thétnehdd of ¥RIR!1b) ARLICAINE bad Nselecfbd FoR Al dibbiPBorRAMIRE ! 56
adjusting a tenperature of the I'iquid soldtion to a tenperature at which

cryst alfla belttpadna oatanyrpad, aidl anTdabitalgiadod of cl ai m 14, wherein the operation

of creating relative notion between the liquid-crystal m xture and the
substrate g’eﬂ"{pr i Adnethobioscleapinga sygface af & sPsiratg: OMPHANGuUbj ecti ng t he

l'i qui d_Crysﬁr@bidgﬂg%B'Jtﬁg%gliﬂgﬁas%ﬂﬂio%- agitation. 19. A wafer cleaning nodul e,
Fa pad; "a

conpri sing I'spenser for dispensing a saturated solution

onto the bellicipad subdttedhIREDARbf BR) INghid shlgpeged above the belt pad; a
carrier head for supporting a sem conductor wafer, the carrier head being

di sposed dpisiaging leeystpdlizatipn @f thekiquid splption lonre thei syhstrate iccplacedoin the Bt ng
the

cr vt ambe B Phuls B ath o o BBl i B bahe, ho®

crystal | i zafiéfing thetkuete bHHeNRbsBRE BY Rédialireltibe hwrn Bdiwed tiedrpad- and

the carrier headg. 20. The wafer cleaning m)gul e of claim19, wherein the

cr yst girystdanixpwe apd theesubsteate.an i nfrared | anp. ,
' 15, The method of claim 14, wherein the substrate is a semiconductor wafer.

16. The method of claim 14, wherein the liquid solution is a saturated solution.

17.  The method of claim 14, wherein the operation of initiating crystallization of
the liquid solution comprises adjusting a temperature of the liquid solution to a température
at which crystallization occurs. _

18.  The method of claim 14, wherein the operation of creating relative motion
between the liquid-crystal mixture and the substrate comprises one of rotating the substrate
and subjecting the liquid-crystal mixture to megasonic agitation.

19. A wafer cleaning module, comprising:

a belt pad,

a dispenser for dispensing a saturated solution onto the belt pad, the dispenser being
disposed above the belt pad;

~ acarrier head for supporting a semiconductor wafer, the carrier head being disposed

above the belt pad; and

a crystallization inducer for inducing crystallization of the saturated solution on the
belt pad, the crystallization inducer being disposed above the belt pad, the crystallization
inducer further being situated between the dispenser and the carrier head.

20.  The wafer cleaning module of claim 19, wherein the crystallization induceris

an infrared lamp.




