WO 2011/ 077339PCT/ 1B2010/ 055900 1 METHODS FOR ANALYSI S OF WATER AND
SUBSTRATES RI NSED | N WATER BACKGROUND OF THE | NVENTI ON [ 0001] I mpurities
present owotha/wwsbace of a substrate, such as a sem comdwaBmnovssber , nay
negatively affect the material properties of the substrate. Sone inpurities
may be deposited on the surface of the substrate by water used to rinse the
substrate. Accordingly, it is desirable to reduce or elimnate the anount
of inpurities contained in the water in which the wafers are rinsed. \Water

used to rinse"THEPEUSt PRESTS Gf FeiTafdll yZBT Y6 4t 8 n€ ¥Aé*anount and

type of inpurities present therein so that the proper filters or other
remedi ati on systens may be sel ected and used to reduce or elimnate the
inpurities contained in the water. [0002]1n known systens, the anount and
type of IiBFIHGROWES deposir elNvENT 1@ surface of the substrate is determ ned
by various anal ytical nethods. The anal ytical nethods are capabl e of

determ ning the esence_and anpunt of Hgﬁurities above a set threshold

| evel . Howeverl? uri ti B Hepos T € GiE he S urtact of24he subst rat e bel ow

the thresholg tevel dmyh negal iyehycddiectot hes e opardy asc Qi fhe pubstrate
or conponents formed fromthe substrate. Prior systens are thus 1 ncapable

of det ectdhigedhpurd triase dieplo 91 @Rk 0N @ heo S urtfactilpft ailsst r ai@ee t hat may
negativel y. aff §ct. & he properties; of g the substiatg.. BRIEE SUMARY
substrate by water used to rinse the substrate.
Accordingly, it is desirable to reduce or eliminate the
amount of impurities contained in the water in which the
wafers are rinsed. Water used to rinse the substrate is
often analyzed to determine the amount and type of
impurities present therein so that the proper filters or
other remediation systems may be selected and used to

reduce or eliminate the impurities contained in the water.

[0002] In known systems, the amount and type of
impurities deposited on the surface of the substrate is
determined by various analytical methods. The analytical
methods are capable of determining the presence and amount
of impurities above a set threshold level. However,
impurities deposited on the surface of the substrate below
the threshold level may negatively affect the properties
of the substrate or components formed from the substrate.
Prior systems are thus incapable of detecting impurities
deposited on the surface of substrates that may negatively

affect the properties of the substrate.
BRIEF SUMMARY

[0003] A first aspect is directed to a method for

predicting contaminants deposited on a semiconductor wafer



WO 2011/ 077339PCT/ 1B2010/ 055900 2 after contacting the wafer with water in
a container. The nethod includes contacting the wafer with water for a
first perwoaoofo7rizae. The wafer is then dried and anal yret/1Bmiaeiseso ne
contam nants on the wafer surfaces. A2prediction is made of the

contam nants deposited on the wafer when contacting the wafer with water
for a second period of time shorter than the first period of tine.

[ 0004] Anot her aspect is directed to a nmethod for determ ning netal content

in a contdier IRt erm9 THE nEtod Conprisest cohtadt g 8 Seni coHduct or
vafer w th {18y water,dor @ predeter mmned, perit o of Jdae. dhe yafer is then

dried and analyzed to determ ne the netal content of the wafer surfaces. A
det er m natiwott isetiheh oladelnof . t Hqretafec o erften mitded wat@r from t he net al

on the wafer, surfaces 0005r1 Still, another as e%cﬁ is direct ep to a net hod
S

for preditting contamhant's degosi 18 i & stbsttat’s att i contacting t he

substrat en Whidd ved ©3n | 15 ancnt@f nete ddrec arethod 4 ndgiglesc «ondractiag a
sem conductor wafer with water for a first period of tinme. The wafer is
then dri eth &g "Hirl yZE 3 o- el el e kontahithatit S onf ¢the? iilF €™ Sur f aces. A

predi cti on. s, qade ofnd he, contaninants, deposit ed. on, 4 hee sustrate when

contacting the substrate wwth water in the container for a second period of
time shorter than the first period of time. [0006] Vari ous refinenments exi st
of the features0tbtled | Mreitaty asract hies aboves rehtti orredraspettser Furt her

features By ranllsnoinbe iec r por at end&iin thecoanbovieﬁ rrrent%' ompaed aspegts as wel | .
These refinenent's anhd addi tTonal” f eat ur €3 ntaa}‘/ 8 stt i A dua ?/ or in any
conbi nat i@t hdrcdnist aee, coadd @tisnd eatduneisc gh seussedyhed owr i th riedat i on

water for a predetermined period of time. The wafer is
then dried and analyzed to determine the metal content of
the wafer surfaces. A determination is then made of the
metal content in the water from the metal on the wafer

surfaces.

[0005] Still another aspect is directed to a
method for predicting contaminants deposited on a
substrate after contacting the substrate with water in a
container. The method includes contacting a semiconductor
wafer with water for a first period of time. The wafer is
then dried and analyzed to determine contaminants on the
wafer surfaces. A prediction is made of the contaminants
deposited on the substrate when contacting the substrate
with water in the container for a second period of time

shorter than the first period of time.

[0006] Various refinements exist of the features
noted in relation to the above-mentioned aspects. Further
features may also be incorporated in the above-mentioned
aspects as well. These refinements and additional
features may exist individually or in any combination.

For instance, various features discussed below in relation



WO 2011/ 077339PCT/ 1B2010/ 055900 3 to any of the illustrated enbodi nents nmay
be incorporated into any of the above-described aspects, alone or in any
conbi nat iwO.20BRI7TEBIDESCRI PTI ON OF THE DRAW NGS [ 0007] Fi @aT4B2010/855800
partially schematic cross- section of3a tank for rinsing a wafer in
accordance wth one enbodi nent; [0008]Figure 2 is a schematic of a system
for supplying water to the tank shown in Figures 1 and 5 and recei ving
water fromthe tank in a reservoir. [0009] Figure 3 is,

to any of the illustrated embodiments may be incorporated

into any of the above-described aspects, alone or in any

combination.
BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Figure 1 is a partially schematic cross-
section of a tank for rinsing a wafer in accordance with

one embodiment;

[0008] Figure 2 is a schematic of a system for
supplying water to the tank shown in Figures 1 and 5 and

receiving water from the tank in a reservoir.

[0009] Figure 3 is a top plan view of an exemplary

wafer;

[0010] Figure 4 is a top plan view of another

exemplary wafer;

[0011] Figure 5 is a partially schematic cross-
section of a tank for rinsing a wafer in accordance with

another embodiment;

[0012] Figure 6 is a flow diagram showing a method
of predicting the amount of contaminants deposited on the

surface of a wafer;

[0013] Figure 7 is a flow diagram showing another
method of predicting the amount of contaminants deposited

on the surface of a wafer;

[0014] Figure 8 is a flow diagram showing a method
of predicting the amount of contaminants deposited on the

surface of a substrate; and



a top plan view of an exenplary wafer; [0010] Figure 4 is a top plan
vi ew of anot her exenplary wafer;
WO 2011/077339 PCT/IB2010/055900

[0015] Figures 9-11 depict experimental data
in the form of graphs showing the relationship between the
density of various contaminants deposited on the surface

of the wafer W at different predetermined amounts of time.
DETATILED DESCRIPTION

[0016] Referring initially to Figures 1 and
2, a system for rinsing a wafer W (broadly, a substrate)
is generally referred to as 100. Reference is made herein
to contamination deposited on the surface of the wafer W.
The amount of contaminants deposited on the surface of the
wafer W may be expressed as a concentration of
contaminants (i.e., atoms of contaminants per unit area),
as parts-per notation (i.e., parts per million or

trillion), or as mass per unit area (i.e., grams per mm’).

[0017] Figure 2 is a schematic diagram
showing a supply source 50, the system 100, and a
reservoir 150 (or drain reservoir). Water (i.e., a fluid)
is supplied to the system 100 by the supply source 50.
The supply source 50 may include one or more wells or a
supply of water (e.g., a municipal water supply system).
The supply source 50 may include one or more treatment or
filtering mechanisms to filter impurities (e.g., particles
and metals) from the water prior to supplying it to the
system 100. The system 100 and supply source 50 are
coupled together through any suitable fluid connection
mechanism (e.g., hoses and/or pipes). In one embodiment,
supply source 50 includes one or more pumps to pump water
from the supply source to the system 100. In some
embodiments, the system 100 only samples a portion of the
water supplied by the supply source 50. In other

embodiments, the system 100 samples all of the water



[0011] Figure 5is a partially schematic cross- section of a tank for

rinsing a wafer

I n accordance wth another enbodinent; [0012]Figure 6 is a

fl ow di agverensinons3ng a net hod of predicting the anount eCTaBmuenisaeNnt s
deposited on the surface of a wafer; POO13]Figure 7 is a flow di agram

show ng anot her

met hod of predicting the anount of contam nants deposited

on the surface of a wafer;

supplied by the supply source 50. The supply source 50

may thus supply a continuous flow of water to the system

100 such that water enters the system 100 and flows

therethrough to the reservoir 150. After receiving the

water from the system 100, the reservoir 150 may dispose

of the water. 1In other embodiments, the reservoir 150 may

store or supply the water to another process for further

use or treatment.

[0018] Referring now to Figure 1, the system

100 includes a tank 110 (broadly, a “container”) which has

a bottom member 112 and four vertical side members 114

coupled thereto. The bottom member 112 and side members

116 may be formed from any suitable material, such as

metal or plastic. Moreover, while the tank 110 of Figure

1 is rectangular in shape, in other embodiments the tank

may be shaped differently.

[0019] The bottom member 112 and side

members 114 form a water-tight enclosure that is open at

its top 116. The members 112, 114 are joined together

with any suitable joining mechanism, such as welding or

adhesive bonding. Moreover, in one embodiment, the

members 112, 114 are integrally formed from the same blank

of material such that joining mechanisms are unnecessary.

In other embodiments, the tank 110 includes an additional

top member (not shown) coupled to side members 114 such

that the tank is an enclosed, multi-sided structure.

[0020] A liquid 130 is disposed within the

tank 110. The amount of liquid 130 in the tank 110 is

great enough such that the wafers W are completely

submerged in the liquid 130. However, in one embodiment

the wafers W are not completely submerged in the liquid



[0014] Figure 8 is a flow diagram showi ng a nethod of predicting the anount
of contam nants deposited on the surface of a substrate; and WO

2011/ 077380RaT/arB3910/ 055900 4 [ 0015] Fi gures 9-11 depi crCeApzEni/nesveel dat a
in the formof graphs showi ng the rel ationship between the density of

vari ous contam nants deposited on the surface of the wafer Wat different
predeterm ned anmounts of time. DETAILED DESCRI PTI ON [ 0016] Referring
initially to Flg res. 1 and 2, a systemfor rinsing a wafer W(broadly, a

substrate]) Gs

BT b rey tol 2SOt e er eh & 1% made herein t o

cont an naid iy dé?ﬁ%*dtﬂl@é“ the surdace ofo the aW?J esrul\@aﬁl@ apuny  of

contam nants deposited on the surface of the wafer Wmay be expressed as a
concent r até on. ofa o&ﬂllt\eftntrvaml”@*(lhaas s\t ot @ft cor @ nanttso pekowni t area),

unit area

as parts-per atl o parts per mllion or trillion),
ﬁ? egqn ra'\n%a(keu

per

or as nmass per

[0021] The tank 110 of this embodiment has an

inlet 118 and an outlet 120 (or drain) to permit the flow

therethrough of the fluid 130. The inlet 118 is coupled

to the supply source 50 and the outlet 120 is coupled to

reservoir 150. In the embodiment of Figure 1, the inlet

118 and outlet 120 are tubes with fittings (not shown)

disposed on their respective outer ends 119, 121.

The

fittings permit coupling of the inlet 118 and outlet 120

to other fluid-flow mechanisms (e.g., pipes, hoses,

or

tubes) that in turn are coupled to the supply source 50

and reservoir 150, respectively.

[0022] The cross-sectional areas of the inlet

118 and outlet 120 are sufficiently sized to achieve a

desired flow rate through the tank 110. In the exemplary

embodiment, the cross-sectional areas of the inlet 118 and

outlet 120 are sized such that the flow rate is between 0

liters per minute and 50 liters per minute. The positions

of the inlet 118 and outlet 120 shown in Figure 1 are

exemplary, and the inlet 118 and outlet 120 may be in

different positions. For example, either or both of the

inlet 118 and outlet 120 may be positioned adjacent the

top 116 or bottom member 112 of the tank 110 without

departing from the scope of the embodiments. Moreover, in

some embodiments the outlet 120 is configured and

positioned such that liquid 130 overflows from the tank

through the outlet 120. In these embodiments, the outlet



[0017]Figure 2 is a schematic di agram showi ng a supply source 50, the
system 100, and a reservoir 150 (or drain reservoir). Water (i.e., a fluid)
is suppl iwo2po/w7as9syst em 100 by the supply source 50. PhanBup@pbisomour ce 50
may include one or nore wells or a supply of water (e.g., a municipal water
supply systen). The supply source 50 may include one or nore treatnment or
filtering mechanisns to filter inpurities (e.qg., particles and netals) from
the water_prior to supplying it to the system 100. The system 100 and

suppl y soutter S0 dre Toup! e]g”t%fg]é%rhe?mi Hr UGt SRy <20t t'ahi® f1uid connection
nmechani sm{ £} gsay hoses and/or pipes). In one enbodi ment, supply source 50

i ncl udes one or nore punps to punp water fromthe supply source to the
system 100. In sonme enbodi ments, the system 100 only sanples a portion of
the water supplied BO2he suppl y¥isourcel 50:he watdes Verdierli nents, the

syst em 1000 S aw}]mjpgneesd a'lr! tq{e tihnec%'toelﬁ_ ovp t%’?él léapr?k?%gda %5” 1aB ZSOHI-O]{]%%eQOO >
supplied %y The suppjl y source . The suppl y source may us supply a
cont i nuousugpgow aft medtarrd al4the shsd emd@-tsuchridairavat £y enters the
system 100 and flows therethrough to the reservoir 150. After receiving the

wat er fr gt heERe et TEMt he e sierSfirt 500 ey $ispose FrtHe water. In

ot her enmbodi B S - TNe NRSENVOl Fe 170 JBYs 3t 01 & 0T SURRL Y, d e water to
anot her process for further use or treatnment. [0018] Referring now to Figure

1, the syStemu@oitnctudestare akd 119 {dbrmoadl| g oma & conte yeek "Yhathi ch has a

bottom nenber 112 and. four. vertical. sid er 14 coupl ed thereto. The
ot om MENBEIOT TS BT db Horte oo e DA D HeP £ im S O 1 e

mat eri al ,csutdhm@asam®ed athat il astd ordMyeavers we |6 dhed tank ek f Figure
1 is rectangular in shape, in other enbodi nents the tank nay be shaped

di f f er ent332 t§DOUNITHE Hot Tt NEhbetY Sl 0 fanth <3 e heffbef s 114 form a

water - ti Ghle RIEHOSUTE, LAl di APERAL J4 Sipnd1f, Jnedmpbers, 2, 114 are
j oi ned together wth any suitable jolning nechanism such as wel ding or
adhesi ve dxondvamy t vbresbvier ,then tomrek enfbdrnerits $hepomenbersudhe 114 are

i ntegrall ormed fromthe sa bl ank of material_such that jaqinin
mechgni S 4@3« ewqﬁ]g]neec]e%s%tr .rl%nekbcﬁ b ddi Herit’s, TTHE t ﬁ%&bl% udes an
addi ti onalod opi drsrern (el shown) ol ed- t o5l de dmiberse Ad 4y sdieh that the

tank is an enclosed, nulti-sided structure. [0020]A liquid 130 is disposed
wWithin thown in Figure 1 as being positioned by the support

structure 140 in a substantially vertical arrangement, the
wafers W may instead be supported in a different
orientation (e.g., horizontal or angled with respect to
the bottom member 112 as shown in Figures 1 and 5) without
departing from the scope of the disclosure. In some
embodiments, the support structure 140 is integrally
formed with the tank 110, while in others the support
structure is a separate component that is placed within
the tank 110. Wafers W may be placed into the support
structure 140 either before or after the tank 110 is
filled with liquid 130. In embodiments where the tank 110
is empty and contains no liquid, the wafers W may be
positioned therein by a vacuum wand, such as a wand having
a tip made of Teflon or other suitable material. 1In
embodiments where the tank 110 is substantially full of
liquid 130, the wafers may be positioned therein by



tank 110. The anmount of liquid 130 in the tank 110 is great enough such
that the wafers Ware conpletely subnerged in the liquid 130. However, in
one enbodwoenti/a7hsowaf ers Ware not conpl etely subnerge@cirnBheodsveui d WO
2011/ 077339PCT/ 1B2010/ 055900 6 130. The liquid 130 in this enbodinent is
water. In other enbodiments, the liquid 130 is any suitable liquid (e.g., a
sol vent) that has sufficient viscosity to flow through the tank 110.

[ 0021] The tank 110 of this enbodinent has an inlet 118 and an outlet 120
(or drai MPRY-ershiteTHer § | W t9eret nrough ottt ¥4 - 480. The inlet 118
i s coupl edto-the supply source 50 and the outlet 120 is coupled to
reservoir 150. In the enbodinent of Figure 1, the inlet 118 and outlet 120
are tubes with fittings (not shown) disposed on their respective outer ends
119, 121. The fitti My Pler mi t(Refmipling oiv tthe Fidwies 18 &l buttier 120 to

ot her fl uid:- hani s (A | pes, . hases rt that in turn are
coupl ed t%%%ﬁéégggg? fgg%ﬁggé&gsgg%d£$£sg¥$6$?ﬁfgﬁf'régggéé?vely. [ 0022] The
Cr 0Ss- secimmoindlmatteast ofidles i) ethd 1 dnd wutd edl 124K afeorsufif i ciently

sized to achieve a desired flow rate through the tank 110. In the exenplary

enbodi ment9%re & 05%-SELLIGHA At ddsS of"ThEE T A 1B Ak dirdet 120 are

si zed such-dhat; fhe,f) o rahe s hetwesn, G ldders pes- maute and 50 liters
per mnute. The positions of the inlet 118 and outlet 120 shown in Figure 1

are exenphartgblandnatherialet AW antoutdlet, 120 meyfde W maly fifer ent
positionsSE ngeexgqplqi eh}@gg or QQEP Pf gpqlgnlft(118 aqg qﬂglet 120 may
be positiéﬁedra acent " t'he %opé?iégo bot t'ond Wenber ' 112 ‘of %he(?ank 110

W t hout depad tddignddiomidel sicopehedfmdher anhoed nentsc 1 dbreovies), . | nisone
enbodi nents the outlet 120 is configured and positioned such that |iquid

130 over fAOWRT feERdHEE ok G & Hevistit 1Bt SPE EIH-2heswY difbodi nent s,
the OUt'eﬁinygﬁ294Lﬁ@?Z%ﬁﬁﬁ&?ﬂ&ﬁ??10&955999;trate may be of any

type that has a surface onto which impurities may be

deposited.

[0025] Referring now to Figure 5, a system
200 is shown that is similar to the system 100 of Figure 1
and like reference numerals are used to refer to similar
components. The system 200 generally differs from the
system 100 in that the wafer W is positioned in a
different configuration and is not submerged or immersed
in the liquid 130. The wafer W in the system 200 is
positioned in a generally horizontal orientation and
supported by a support member 127. The support member 127
supports and positions the wafer W vertically above the
surface of the liguid 130 in the tank 110. In some
embodiments, the support member 127 is coupled to a rotary
motion device (e.g., a motor) such that the support member
(and hence the wafer W positioned thereon) is selectively
rotatable. According to one embodiment, the support
member 127 and wafer W positioned thereon are rotatable

from 0 RPM (i.e., stationary) to 2000 RPM.



7 130 is simlar in function and configuration to a spillway. [0023]1n
Figure 1, the wafers Ware positioned in the interior of the tank 110 by a
sui t abl e woppara7733br uct ure 140. The support structure 120TiB20aendPgured to
permt the free flow of liquid 130 ar®und substantially the entire outer
surfaces of the wafer W The support structure 140 is fornmed froma
material that is non-reactive with the |iquid 130 and does not rel ease
contam nants when in the presence of the liquid and may be coated with

non-reactive |ayer Otk eriaiPg elytet ekt ohOthg nfathe ehtboth$ett of Figure

1, three wafgrs; Wares pasiddigned id-dhe dank-J10 hy-dde supparde structure
140, while in other enbodinents nore or fewer wafers Ware positioned in

t he tank.thvbriglowerqf whidwel d hentwafarsr Wiarat slhown depnktgure deraseibei ng
positioned. by the s ort_structure 140 in a substanti al ertical

ar r angenent ,%ﬁ}enes% agcf)es W res” i s eeraﬁq be fs}heppeoxtl%eena“iOnrl glﬁdslyf%el%sent
orientatidirde:g.thdofigoniall ofuiangl 80 v tdodespecthd suheadotdom menber
112 as shown in Figures 1 and 5) without departing fromthe scope of the
di scl osur'd® IW%&%M%@@W%%W@%@% e 40 Yatgmtiegral |y

formed wigh, the,tapk 4d0q; Wil g rbf’tﬂ?é Sef e SURPOT Ly StEUELUNe 1% @
separate conponent that is placed wthin the tank 110. Waters Wnay be

pl aced i nt® ddel suppbrin sthaictarle 14D e fidwer Wefror elioreaf¢®r the tank 110
is filled with liquid 13Q. In enbadi ne re the tank,110.is enpty and
cont & ne THETTEAAE . LRGeS sy b Gos T R o Sty 5 vanuum
wand, suchi @si@ e hand Nonay thd werde of dhed | opsim atderesidadd e

material. In enbodi nents where the tank 110 is substantially full of liquid
130, the WafE€rasssuicde Posits onedt Iher® n gyor wrample, after the

2011/ 0773 robotie-eff coat i.n Tefl on, or

Tef | on- | iﬁz %ét%rl%lggll&%ogg%%qhg% elrér)igrlllgﬁfnloé\tl&e'tefgg]%’; SA{Jr es ng”alnﬁq Alﬁc%&)vx}gEj

di f f er ent130 shaped Waf erstamey |baistatateath 0 nliter endrodinenttefarkd gure 3,

t he waf er \eA(js sliced froman ingot, as is customary in the industry, and
can be nede ¥rUm 95 doH Y der mani um  gal | i um arseni de, or other suitable
materials. Alternatively, the wafer Wnmay be square or rectangul ar as seen

in Figure 4 (e.g., ofodhe type: | ys usesh d dd ﬁ@tﬁ“ﬁé’fﬁéﬁﬁqgﬁfa sol ar
cells). In other enbodinents, different types of substrates nay be rinsed

in the syste@mdod)0 The BiAsste bt ndye benainaryf t§pe-ahataias a surface onto
whi ch 'r“&%ﬂééf%%dﬁ%%lQQKQQQEEféé%LOf a wafer. In the method 300,

the wafer W is contacted by liquid by immersing the wafer
in liquid 130. In known systems, a wafer is typically
rinsed in a tank for a period of time (e.g., 1 to 10
minutes). Contaminants present in the liquid used to
rinse the wafer (e.g., water) are often deposited on the
surface of the wafer while the wafer is rinsed in the
tank. As described above, amounts of contaminants
deposited on the surface of a wafer during a rinse may be
such that, while they negatively affect the properties of
the wafer W, they are not detectable by known detection
systems (e.g., inductively coupled plasma mass
spectrometry). One such contaminant is nickel, the
presence of which on the surface of the wafer W negatively
affects the properties of the wafer even when the amount

of nickel deposited thereon is below the level detectable



[ 0025] Referring now to Figure 5 a system 200 is shown that is simlar to
the system 100 of Figure 1 and like reference nunerals are used to refer to
simlar cwoponanrxs9 The system 200 generally differs frecrTubmigysvem 100 in
that the wafer Wis positioned in a ditff ferent configuration and is not
subnerged or inmmersed in the liquid 130. The wafer Win the system 200 is
positioned in a generally horizontal orientation and supported by a support

menber 127. The support nenber 127 supports and positions the wafer W
vertical IRY dBYVE tHhes it ac Gt HPT T HUiPE0 §iet i difk 110, 1n sone

embodi men{s, o 4 e $ URRON eIl 27 1 50 GOUR) €4y 101 @y f Of ATy A1BE | on device
(e.g., a notor) such that the support nenber (and hence the wafer W

posi ti onethtdrereon)iien,seld@etitvel gormtat abl@. z Accor ditHeet onarrel enbodi nent
t he support nenber 127 and waf er osi.tioned thereon are rotatable fromO
RN (1 o.M TGS )" 2000 HAM - Vi SO 677330 PGH 2030, 055900 9

[ 0026] Thectidlwtfdd 87 ofeddre dranighl ihdasradeexd ensinge 25 attached thereto
and configured to direct the flow of liquid onto approximately a geonetric
center ofCYHeSHHFHce WIhe® it erd W THE DXt eHst Oh 125 ¢thus directs the

flow of liguid ha, cmv@pti%g%@rface of the wafer W After contacting

the surface of the warer quid 130 flows off of the surface of the
wafer Wand is collected in the tank 110 before being directed therefrom

t hrough the outl et 0208 IMredverdesadideed Hexpin filow medtlesd niH}0 be used in
t he system 200 conpar to those used .in the system 100. For_ exanple, after
the surt SeET0TE L o S Tt 4 S0 P By etV at A TR G 130, the 11 ow
rate may daenthetween h |ptesentpern ninmaitiel ancd 21 40 teise pere Mdwt e.
[0027]Figure 6 is a flow diagram depicting a method 300 of predicting the
anount ofC idehtani it 'S Hepo'st teld kR HE stFFieies of ZP e &P 4%y t he net hod

300, the waler Wisgomactethdy, 11 auig byl uersing dhe vafer in Iiquid
y

130. In known systens, a water Is typica rinsed in a tank for a period
of tinme (Emrentlrdtol s mhutes)amiConttaa grantse presente ot tthee lWaied used to

rinse th fer (e.q. ter) are . ofte osited on t surface of the
waf er Whm \gg}%te 5\%%6? gqféfa\g@% n i%?%%%egﬁ%t%s%é%cﬂ E@& 511%38,01 amount s of
cont ani nagds depositad wn dhe swidmos Ofoa yafart duf ihth@&dinNse smy be such

that, while they negatively affect the properties of the wafer W they are

not det ectht® AP KIWie detaetdoh Syatiem{el gl Peiuctsvarrvupled pl asm
Mass Specﬁtagrof@lgr@l%,g‘ﬁnﬁfgf QNtAN nant, %@'C%Ckoehdé{bectpfr? ence of which

on the surface of" t negati vely s the properties of the
waf er everpnwdwert tdel @amount ofntinckelntdepositied tdrereont ilsebel ow t he | evel

detectable WO 2011/ 077339PCT/ 1B2010/ 055900
atoms/cm”.

[0029] The method 300 of this embodiment
begins at block 310 with the placing of wafers W in the
tank 110. The tank 110 may be cleaned prior to the
placement of the wafers W therein to ensure that the tank
is free from contamination. In some embodiments, the tank
110 may be washed with acid. The wafers W are placed in
the tank 110 and positioned therein by the wafer support.
While reference is made herein to a plurality of wafers W
being placed in the tank 110, a single wafer may instead
be placed in the tank. The placement of multiple wafers W
in the tank 110 results in a correspondingly larger sample

of data collected in accordance with the method 300.



10 by known systens. Qther contam nants that may be deposited include
sodium alum num calcium titanium chromum iron, cobalt, copper, and
zinc. O hwo20atf@b33gont ami nants may al so af fect the nat ePCaliIBpnopsped es of
the wafer W even though the presencellof netal contam nants under a certain
concentration is not detectable by known systens. [0028] As descri bed
herein, the nethod 300 permts the detection of relatively small anpbunts of

contam nation present in the Ii %w d 130 that are not otherw se detectable
wi th known syst ens. [ b0 exanpi® W%@/’st% L ek 43 ohty able to

detect concentsatiqns. ofx Cont amnan s omd he: surd ace) of, the waf er Wt hat
are greater than about 2e8 atons/cn2. The nethod 300 described below is

capabl e ofmgetiectithg €orcet r atironstlofr com@himams thmtl el subst antial |y
bel ow 2e8 ataqns/cn?. For he net hod 300 j s capa f. det ecting
concentrantll%ﬁlbs = Gtc ot ar rﬁbﬁ%nt@lﬁdl%’he St ahge of 1e5 Ht' orms/bfcrrerzol Cﬁblég] The
met hod 3003 @ff i Ebadivend hegideniatl 1) ook Aldh witd tdiestplacs ng of

wafers Win the tank 110. The tank 110 may be cleaned prior to the
pl acenentTis tHE Vhfets WY Hereith 1% je]rﬂsftﬁfeeq Rt ki free from

contam nation.;{Mm ?Ig_r@]éafgbggﬁ the tank 110 Jmy,be, th acid.
The wafers Ware placed in the taéti< 110 and p05|t|onoed t reln%ny the wafer
support. Mhded refler ence. | svatede) hereile tﬁ)llatemeﬂ adudly tjfanalfter@sW bei ng
placed in the tank 11( n fer i nst ead be in the t ank.
e’ bl acaheit GTEARAT |1 & Rl ar VAT L A 10 TR TS 1

cor r espongi iy dlaégeit@larrplaeof watéar coldectechd m@§§01rque pﬁéﬁ-h t he

met hod 300. V\D 2011/ 077339PCT/ 1B2010/ 055900 11 [0030] I n bl ock 320, the

flow of 1G5l aB0(RMougth amhe tedikl 1q@tbe@iirrﬁsntrrhe A§ il U803 this
embodi ment 4 semgier o 0 giher. ambod ’TB&}E fé\? fnel%cﬂ% he any
rh a[ I ows I nto the

suitable T1qui such as a solvent. The qU| rst
tank 110 drd wgimmmlhnlmadkﬂgas t'IPne 1a~oril daﬂ3ﬂ1e‘r&yutﬂleftst12bie d1 Itlexr ed before

enterlngth tank 110. through t nlet 118. 1n_one enbaodi the liquid
130 (e.g.t%%at er) l%ﬁéyl _]19{1% u‘flc]fPVﬁacﬁuﬁ t°hds A TUwW e]rﬂo(i]gh | evel of

cont am nafi s @ dise referded 2@, asrid tra;pu e yately (dhéy pavat er contai ni ng
less 1 part-pertrillion (ppt) of any netal contamnant). As the liquid 130

flows i nt@&mq@rﬂ(f 1<110 rq%eclleei/eifttﬁfr theow i @i i Slesthdcavient Uad |y
reaches the lev outlet 1200 tank, The. Liquid 130 then flows
out of thzg toilien & Jlkbec% hr oug?f t%’ue ouatﬁe{ 1@%“ ﬁ e tléc}uci1 c}ie_L#mayCQt hen be

di sposed wittoin recycladck afterafdeomn ing joutfoflddeyttankl ddh0id Ass@escri bed
above, the wafers Wmay instead be placed within the tank 110 after it is

fillled with liquid 80031 At block 330, the flow of liquid 130
through the tank 110 continues for a predetermined period
of time. In some embodiments, the predetermined period of
time is referred to as a soak time. The predetermined
period of time may be selected according to numerous
factors. For example, if a threshold for the detection of
a contaminant on the surface of the wafer W is 2e8
atoms/cm?, the predetermined period of time may be selected
such that the amount of contamination deposited on the
surface of the wafer W is likely to exceed the threshold
detection level. According to some embodiments, the
predetermined period of time is approximately 100 to 150
times greater than the normal rinse time. With a rinse

time of five minutes, the predetermined period of time is



[ 0031] At bl ock 330, the flow of liquid 130 through the tank 110 conti nues
for a predeterm ned period of tine. In sone enbodi nents, the predeterm ned
peri od ofwoizna/i7833veferred to as a soak tine. The prederermBradoiseen od of
time may be sel ected according to num@rous factors. For exanple, if a
threshold for the detection of a contam nant on the surface of the wafer W
is 2e8 atons/cnR, the predeterm ned period of tinme may be sel ected such
that the anobunt of contam nation deposited on the surface of the wafer Wis

likely toiEktedd tHe THIESsHOt P Hetleet: Ui 1TVt te e o™it to sone

embodi ment s, od g r edeteriides Paril fetide 46 @pps oxd mag@ly 100 to 150
tinmes greater than the nornmal rinse tine. Wth arinse tinme of five

m nut es, nheitpredet ernmined period of tine is WO
2011/ 077339PCT/ 1B2010/ 055900 12 thus in the range of 500 to 1000 m nutes.

I n one enbodi nent, r edet i hed period _of . t] IS 750 m.,nutes.
[ 0032] The fl ow of | fdc}ﬁjl% 130 T?Lérnofl}g%w tcf'u% lacﬁkldll cetahsre%qu} tbkpeock 340.
After cessatk an ®fcddrweed lowwifodk i@, 1305 tdhecd d il thrrayf benadr@lided or

ot herwi se renoved fromthe tank. The wafers Wmay then be dried such that

any resi difal 1194 o AB0 PreesErftvoh The &rd e’ S FerdVsEY43£ anot her
enbodi ment.r, 1he: vef8r s W ey be remved £ r.om the, tank, HO whide 1iquid is

still present therein such that the wafers are at |east partially inmersed
in the |iguild Prdtorany tdmidualeniqalid The) wafesesnWamytibe sentaet fromt he

tank 110 in this enbodiment with the sane type of robotic mechani sm

descri bedlsabro?}récfvﬁ 03 rinarbcf%}ﬁ%ﬁ(r ﬁgxf%emeanrﬁjun&eofw%o%ﬁsanﬁn%arFf S edeposi ted on
t he surf acan®fed heromafiaie Watle 10l esn ned. i Mard ous st hodsrdmyntbe used to
determ ne the anpunt and/ or concentration of the contam nants deposited on

the surfdd& o1t e Hafdra WtiFprvab@iml & i Hduktd el B2 Cotpt 88 pl asna nass
spect r omet gy, (1OP-NB) {my; he, used. Lo anal yze: f he.suriace ol Lhecwafer Wto

determ ne the anmount and/or concentration of the contam nants deposited
t her eon durmayg bdherametrrotl B300u CQoncentk altl ni rof t fciontam evdintes trawi e

expressed .as the nunber of atonms of contam nants depepsited on a given area
of T he: ST TCEI0 IRE vl 6 B MeotiL Bhrt e (AR GHHENE embodt ment s
di fferent nethods may be used to determ ne the anmount and/ or concentration

of the contam nant s[@epposi t edirontdek s3gd age afmdde: vef er W such as total

refl ectance X-ray fluorescence (TXRF).
contaminants deposited on the surface of the wafer W are

determined. Various methods may be used to determine the
amount and/or concentration of the contaminants deposited
on the surface of the wafer W. For example, inductively
coupled plasma mass spectrometry (ICP-MS) may be used to
analyze the surface of the wafer W to determine the amount
and/or concentration of the contaminants deposited thereon
during the method 300. Concentration of contaminants may
be expressed as the number of atoms of contaminants
deposited on a given area of the surface of the wafer
(e.g., atoms per cm’. In other embodiments, different
methods may be used to determine the amount and/or
concentration of the contaminants deposited on the surface
of the wafer W, such as total reflectance X-ray

fluorescence (TXREF).



WO 2011/ 077339PCT/ 1B2010/ 055900 13 [0034] At bl ock 360, a prediction is nade
as to the anount of contam nants deposited on the surface of the wafer W
for a perwoadoafo7rizee | ess than the predeternm ned peri odPofi/iB2ar@oisnodl ock
330. The period of tine |less than thel3predeterm ned period of time in one
enbodi nent is the typical rinse tine for the wafer W(e.g., 1 to 10

m nutes). In one enbodinent, the typical rinse tinme is 5 mnutes and the
predeterm ned period of time is 750 m nutes. [0035]In some enbodi nents, the

steps performed in Hotks 3100t B5Fhedlonldy BeePertoihef diddierds o

establish a haseddng | eveloofaconam natd an Qg toh vierd fy, the.expect ed
contam nation levels. Once the determ nation is made in bl ock 350, the

predi cti orheratetdn blbrk B6%mayd bef permforiets i tideperdent |y each tine a
wafer is rinsed in the |iguid. us, the . deternnati made in. block 350 is
ot 1 caui BT G B T M ery 9 R Chee o ot Lt OIS FBh 6ok 3

e performed ever e predictioni Ois

per f or medk indnstead, tidre Sstepsrisformmdd pdtoek SA0-380 imyohe perfornmed
to calibrate the rinsing system and the prediction performed in block 360
i s perf ordfRPOHFHeh welfed  Fimisert it ide Fimsi iy skt efmt§0086] The rate of

deposi ti 0(%950 contam nati 90, Qs t he surf ace of 4 he waf er, Wi s, assuned to be

generally linear, and as such a linear interpolation is used to predict or
det er m ner triheee ampumt i sand/moirmworne eantd atheo rpcddectortraim arandsr tdratoar e
deposited on the %dea.ce of the wafer during the typical wafer rinse tine.
For exanpt®™ it one’ éifbtiTient 2e10 at oms/ cn2were deposited on the surface
of the wafer in 750 mnutes and a rinse tinme of the wafers Wis 5 m nutes.
The WD 2011/ 077339RQIF51B20107 05590 dbodiments, the steps

performed in blocks 310 - 350 may only be performed either
to establish a base line level of contamination or to
verify the expected contamination levels. Once the
determination is made in block 350, the prediction made in
block 360 may be performed independently each time a wafer
is rinsed in the liquid. Thus, the determination made in
block 350 is not required to be performed every time the
prediction in block 360 is performed. Instead, the steps
performed in block 310-350 may be performed to calibrate
the rinsing system, and the prediction performed in block
360 is performed on each wafer rinsed in the rinsing

system.

[0036] The rate of deposition of
contamination on the surface of the wafer W is assumed to
be generally linear, and as such a linear interpolation is
used to predict or determine the amount and/or
concentration of contaminants that are deposited on the
surface of the wafer during the typical wafer rinse time.
For example, in one embodiment 2el10 atoms/cm’ were
deposited on the surface of the wafer in 750 minutes and a

rinse time of the wafers W 1is 5 minutes. The



concentration of contam nation deposited on the surface of the wafer Wis
thus determ ned by multiplying the concentration of contam nants determ ned
i n bl ock 86Q0tayo7r3se ratio of the typical rinse tine (e.@CI/IB20m/pi@s) to
the predeterm ned period of tine (e.gl4, 750 minutes). In this enbodinent,
the concentration of the contam nants deposited on the surface of the wafer
during a typical rinse is thus determned to be 1.33e8 atons/cn?.
Accordingly, the linear interpolation is_ thus represented by the equation:

c = Tr-*ECHETE ¢ Fyual SN dlorfee iR o ©fOt dritani haft S debosi t ed

on the swiace fr tihe; wafigrs dwddgyadynrlealy i NS, afg the wafer W Tr
equals the length of tine of a typical wafer rinse, ‘I% equal s the
pr edet er mqretkperd odbrofof i gne) t amidh &t gl srniree € oncent et | B0 dfy
cont am na%qqtes rcl(,jetiecgrroi etqqei blioccakl 35.0riS OtOBH? Ip ot her5 emrr.lbnouieS nts, the rate
of deposition bf tont am hation on The surface Wi not general 15 1inear. In
t hese enmbadt nerdsge tdhei et had- 300 smy: bee r epent ed/ seveialcdd)nes mnd each
time the predeterm ned period of time may be varied. Accordingly, multiple

pai rs of W%e@“}?%i%ﬁrarﬁ%rﬁowfe‘?ﬁmﬁﬁ oht Itéi%l%?%ﬁfﬁimcrb?r%fe%pondi ng
pr edet er etk patd ofls O Laee AL detauarped., Meral s fpy@lues may then
be used in any nunber of nunerical 1 nterpolation nethods to determne the
rate of depost tioniofs chnteamivatd scorpd He. 3ird aceomwf/dife waf er W The

determ ned rate of depgsition may then be multiplied by the rinse tinme of
he wat or RS ST ot ihel HIRAmL L SRS oot s th 1 AT hant s
deposited on the surface of theg-wafer. WO 2011/077339PCT/ 1B2010/ 055900 15
[ 0038] Theoyretl B0 duscrd bed—above ,t e gserariaasalite tdet ecti on of anmounts
of contam nants in the liquid 130 wel | bel ow those detectabl e by known

systems. A&}, known, Syt ens, - dihe doner d 1J8 8, of c detsetdon of - £he st
sensitive ICP-Ms nethods is about 0.1 ppt. Accordingly, the presence of

cont am nantss Watfdthelldiigd d 13 aral oniitdre surflacevafet e Waf esxaWlas e

det ect abl ¢ by. t he .met hod 300 even though the anmpunt of_contaminants is well
bel ow t hoS St Bat AR o bY Kbt Spli B, Waler Lifise,’ To eqisls' the

predetermined period of time, and Ec equals the

concentration of contaminants determined in block 350.

[0037] In other embodiments, the rate of
deposition of contamination on the surface W is not
generally linear. In these embodiments, the method 300
may be repeated several times and each time the
predetermined period of time may be varied. Accordingly,
multiple pairs of values for contaminant concentration
levels and corresponding predetermined periods of time are
determined. The pairs of values may then be used in any
number of numerical interpolation methods to determine the
rate of deposition of contaminants on the surface of the
wafer W. The determined rate of deposition may then be
multiplied by the rinse time of the wafer to arrive at the
amount and/or concentration of contaminants deposited on

the surface of the wafer.



[0039] Figure 7 is a flow diagram depicting a nmethod 400 of predicting the
anount of contam nants deposited on the surface of a wafer. In the nethod
400, the wefzer1/0m338 contacted by liquid by directing thectiiBwiobssbéqui d 130
to contact the surface of the wafer WS The nethod 400 is generally simlar
to the nmethod 300 described above, except that liquid is directed to flow
onto the wafer. In sone enbodi nents, the nethod 400 is used in conjunction
with the system 100 or_ system 200 descri bed above. The nethod 400 of this
embodi ment begi ns at) B1Pek 4101w 1t T G HE P ThE BB W n the t ank

110. The gank 410 pmysbe. o eaneds pliQintd dhedlasememts ofi 4 he,nafers W
therein to ensure that the tank is free fromcontanination. In sone

enbodi mentisyuidel 3@rke 11 ey behaves ek avittableeildy hevwedwstansd s pl aced in
the tank 110 and positioned therein by the support nenber 7. [0040]In

bl ock 420" tqhneovfrf owsoﬁewsi’qgcihae 130" ont olntufkllce o's%lur A o e \]/Fé?eernL%tbegi ns.
The |1 quigknstive this-rerbedineid is awier .0 ln @ither mibodiirents, the
liquid 130 nay be any suitable |iquid, such as a solvent. The liquid 130
first floviee iMiDIHE tAICTLRR HBtigh tthethsl etauid. 1 Fhend it 180 may

first be Jdﬂﬁa‘?éfdo@eér% Goa D W LU O7{3398 Od%%@%gﬁg%ﬁdﬁ%g”(g?gf ,he

tank 110 through the inlet 118. In one e
wat er) meyvdoe fhdugr ethsuniurhatod tecdvasara naovw enougre ]l evet 1l of tdorteam nant s

and is referred.to as ultra pure water. The liquid 130 may be directed to
f1 ow ontd ?%%Ctsatﬁlfeag@’ g?“ﬁ% AT e W by the extension 125 coupled to the

inlet 118. After flowi ng across the surface of the wafer W the |iquid 130

then flows into thedg@k 110.rilherd iquig 30 dhen {4006 @didiiom the tank
110 through the outlet 120. The liquid 130 may then be di sposed of or
recycl ed B E&Ed 14 Ghi Hg DRI GTL e TEhieMAaot 19 &GOt R ot nent, the

wafer W A at;r?dck%/ gJ@ﬁaw to neoher 121, as,d iguid { Loys onto the
surface o t%:im%er W [0041] At Eﬁ)& 430, ther%low or?éla[klgoqui d 130 onto the
surface ofhd heafwaf 6f W conttiawesd flor lai gristiéteran meck pey i tdde of Ldw ne.  For
exanple, if a thres for the detection of a contam nant on the surface
of L he welt br VP 8 St bR ErEt CHE o G i nad petT G T+ t ITHE may. be
sel ect ed rgdiahnd hego the ot Of £oi am nad i e depasdd eshen the surface of

the wafer Wis likely to exceed the threshold detection |level. According to

some enbodh TS tHeO it e dRt @i etk ek i Gl bf 1 ¢ i Her e &-pproxi it el y 100 to
i nut es: THE Y SUele i nod” berT ot I T TS RUL 1T CHe T Ange of 500 Lo
1000 m nuissd 1m one) enbodimmentth tties predetrerid hedr perdtoeh af0Gime is 750
m nutes. Jeosocllrz' bTehc$ a]:lloo\\flé .Of Tllrilequniledthlo?’c? 40 Otoo ht%’lis embodiment beging

at block 410 with the placing of the wafer W in the tank

110. The tank 110 may be cleaned prior to the placement

of the wafers W therein to ensure that the tank is free

from contamination. In some embodiments, the tank 110 may

be washed with acid. The wafer W is placed in the tank

110 and positioned therein by the support member 127.

[0040] In block 420, the flow of liquid 130
onto the surface of the wafer W begins. The liquid 130 in
this embodiment is water. In other embodiments, the
liquid 130 may be any suitable liquid, such as a solvent.
The ligquid 130 first flows into the tank 110 through the
inlet 118. The liquid 130 may first be filtered before



surface of the wafer Wceases at block 440. After cessation of the flow of
liquid 130, the liquid may be drai ned or otherw se renoved fromthe tank.
The waf erwd200M0728321/ 077339PCT/ 1B2010/ 055900 17 may t hemrCiaBzini/essomuch t hat
any residual liquid 130 present on the surface is renoved. [0043]In bl ock
450 the anmount of contam nants deposited on the surface of the wafer Ware
determned in a manner simlar to or the sane as that described above in

bl ock 350. At bl ock 460, a prediction is made as to the anmount of

cont ani ndt 'S depbsited TH thid sttFUtE? oths e W@ erL 8w f of™ 7eri od of tine

less t hanfihey pradet and nedypey i ofh oge td e e dblo f&e fihe. pesd od of tine
| ess than the predeterm ned period of tinme in one enbodinent is the typical
rinse ti mudlorthtdie Maflers W (leowy.gndudto Uevend nuft ex)ntdmimoaret erdbodinent, t he

typical rinse ti is 5 mnutes and the predetern ne iod of tinme is 750
nm nut es. ﬁﬁque rprree%:stccf iOh uEattdrea i Bt obk- 460 ﬁlgjedglnleql% 0 alng b%af%g?ei ally

simlar oiithecsang nEtdwdhaso tiad destdddest ahayerd feblivak, 360: [ 0044] The
nmet hod 400 descri bed above thus permts the detection of anmounts of

cont am naft s Thel 43 (AP UTO Mel thbelovf t host: detdctiabl &by %nown
Che suridce of” the water Wi e derectable bven 1 nouBh & he anbont of - o o
cont am nahtesvg sivied | thxel oK hiolske. déttertlabiwel byl Knovwrersystens.oft0045] Fi gur e
8 is aflowdiggramdep/CHing & 4 the outlet 120. The liquid 130

may then be disposed of or recycled after flowing out of

the tank 110. In another embodiment, the wafer W may be

rotated by the support member 127 as liquid flows onto the

surface of the wafer W,

[0041] At block 430, the flow of liquid 130
onto the surface of the wafer W continues for a
predetermined period of time. For example, if a threshold
for the detection of a contaminant on the surface of the
wafer W is 2e8 atoms/cm?, the predetermined period of time
may be selected such that the amount of contamination
deposited on the surface of the wafer W is likely to
exceed the threshold detection level. According to some
embodiments, the predetermined period of time is
approximately 100 to 150 times greater than the normal
rinse time. With a rinse time of five minutes, the
predetermined period of time is thus in the range of 500
to 1000 minutes. In one embodiment, the predetermined

period of time is 750 minutes.

[0042] The flow of liquid 130 onto the
surface of the wafer W ceases at block 440. After
cessation of the flow of liquid 130, the ligquid may be

drained or otherwise removed from the tank. The wafer W



met hod 500 of predicting the amount of contam nants deposited on the
surface of a substrate. The nmethod 500 is generally simlar to the nmethod
300 descrwbediiabese, except that the nmethod 500 is usedPCo/Ip2eaddEsHOX he
contam nants deposited on the surfacel7lof a substrate, instead of a wafer.
The net hod 500 uses the amobunt of contam nants deposited on the surface of
the wafer Wto WO 2011/ 077339PCT/ 1B2010/ 055900 18 predict the anount of
contam nants deposited on the surface of the substrate. The nmethod 500 is

usef ul i MP¥ dict ity PheEehrotmt 0t tottam St e depit®d h substrates

that have,pat&ard al, prigpestieswich.dmke.dhemill-suited for typical
contam nant testing nethods (e.g., |CP-MS) because of the testing nethods

use of acid or other chem cals. Exanples of such substrates include those
conprising quartz, SHpphire, GermertlunSbrtmyeeithey afterial that is

11 sui ted, for, typlcalscontam nant esting: It hods., WiJg.a yafer is used
to predic %e anbunt OfF COnt ami nant s eposited on he'Surfdce of a
subst r at edd e drhirsee o i meine @notielra s ubstaatthdrayane ausechdmnst ead of the
waf er for this purpase. Mreover, the nethod 500 |s al so used to determ ne

the netal Lot FtoVmtet B Whi ¢ t heétndt €1 v &0 pladet A1 9046] Al t hough

the met hods 3004d s; descrihed Asnal o f Ao isen Ml 4 he systiem 100, {de met hod
may be used in conjunction with either the system 100 or system 200

descri bedswablovee and thrisvafer Wbflerr W nesrieid hefr  thienss ubsres gtk ricltéhe |0 qui d

130 or its surface my instead be contacted | ow,.of liquid 130.
[0047] The RO EOT it & eifbat et BEgi e S10 bl ol S MT 1% he

pl aci ng ofirdel sad etha i thd herdddtke ddihe T he: med€ro Wiraye bn pdraced in the
tank by a suitable vacuum wand as descri bed above. The tank 110 may be
cl eaned piidtEtthel pldrenemi o theSmafermaviteridih 1dfendlre that the

tank is free,fromcontamaation | nsans erhodimeats, the {anklo my be
washed wi {fegac'igl. Tﬁe waf er Vé/){')s pl aced i n the lsuppo’rt nerﬁ)%ér’ll 140 in the
tank 110.rinW@ 200 O 3I39PCT B2 G0l 0859Qredetermined period of

time is 750 minutes. The prediction made in block 460 is

done in a substantially similar or the same method as that

described above in block 360.

[0044] The method 400 described above thus
permits the detection of amounts of contaminants in the
liquid 130 well below those detectable by known systems.
Accordingly, the presence of contaminants in the liguid
130 and on the surface of the wafer W is detectable even
though the amount of contaminants is well below those

detectable by known systems.

[0045] Figure 8 is a flow diagram depicting a
method 500 of predicting the amount of contaminants
deposited on the surface of a substrate. The method 500
is generally similar to the method 300 described above,
except that the method 500 is used to predict the
contaminants deposited on the surface of a substrate,
instead of a wafer. The method 500 uses the amount of

contaminants deposited on the surface of the wafer W to



19 [0048] I n bl ock 520, the flow of liquid 130 onto the surface of the wafer
Wbegins. The liquid 130 in this enbodinment is water. In other enbodi nents
t he |i quiwoX80/ate3sobe any suitable liquid, such as a solpeenB201Th&s9éa qui d
130 first flows into the tank 110 thr®ugh the inlet 118. The liquid 130 may
first be filtered before entering the tank 110 through the inlet 118. In
one enbodinent, the liquid 130 (e.g., water) may be filtered such that it
has a | ow enough | evel of contam nants and is referred to as ultra pure

wat er . THEF§Hfeh d-ISERHEH 19 0vROTHATF 1B § HERAUMKE AP hrlugh t he out | et

120. The diquid 130 iy dhen bedi spased,ofnQf f@eycd adsafiieri {1 ow ng out
of the tank 110. [0049] At bl ock 530, the flow of liquid 130 into the tank

110 cont igedi dloina Predetermi ned periodiofnts mepdortekanple, if a

t hreshol d fortrt hEe de%hec%iﬁ)n ofm cont m'rnant on th sq{fﬁcﬁg ogh tnpe waf er W
i s 208 at ORI TR ST he r etfeter™ Hed Perod of - 11 e ey B& Sl det'ed such

t hat the janbuniiodd codht aiggratd oreslepositat oredhienguidacaiof (4 e wafer Wis
likely to exceed the threshold detection | evel. According to sone

enbodi ments’; e REIEIRIN et pets o YRS s Hpptoxd tret €1y 100 to 150
t1mes gr‘%ﬁ] r than, the normal, rinse §4 ng, Wi, & rdnse Liag,pf five

m nut es, e predetermned period of tinme Is thus 1n the range of 500 to

1000 mi nutlesse |epngmet sinbpdivents, tdeegriedet eyenmed. per iod ofy tétheed s 750

m nut es. en£0050. The .f | ow of. Ii_q%i. 1C§0 into the tank 110 ceases at bl ock
¥TOW

540. Aft &1 cesisat i O of§ He' 5915 Qui S0 (HE TG ey be dr ai ned

or ot her w&se frefmovechddodm tinei tank W The waderc Wogmgathenhe dried such
WO 2011/ 077339PCT/ 1B2010/ 055900 20 that any residual liquid 130 present on

t he surf a8yt r@hgvatcaminants deposited on the surface of a

substrate in this embodiment, another substrate may be
used instead of the wafer for this purpose. Moreover, the
method 500 is also used to determine the metals content of

water in which the wafer W is placed.

[0046] Although the method 500 is described
herein for use with the system 100, the method may be used
in conjunction with either the system 100 or system 200
described above and thus the wafer W may either be
submerged in the liquid 130 or its surface may instead be

contacted by a flow of liquid 130.

[0047] The method 500 of this embodiment
begins at block 510 with the placing of the wafer W in the
tank 110. The wafer W may be placed in the tank by a
suitable vacuum wand as described above. The tank 110 may
be cleaned prior to the placement of the wafer W therein
to ensure that the tank is free from contamination. In
some embodiments, the tank 110 may be washed with acid.
The wafer W is placed in the support member 140 in the

tank 110.



[ 0051] I n bl ock 550 the anpbunt of contam nants deposited on the surface of
the wafer Ware determned in a manner simlar to or the sane as that
descri bedwakzou#773z9bl ock 350 or bl ock 450. At bl ock 560pCa/Ipreaddzsvéoon i s
made as to the anmount of contam nantsl9deposited on the surface of a
substrate for a period of tinme |less than the predeterm ned period of tinme
in block 530. The period of tinme |l ess than the predeterm ned period of tine
in one enbodinment is the typical rinse tinme for the substrate (e.g., 1 to

10 minutes). In o_ne[%%b%]di rren&r} kf]fFéC]‘fﬁﬁQ:'altkﬁ Nkt ich% ]ijjsq%l%']rﬁﬁ es and the
predet er mned period-ofcd ide die 1p0:d0 nUtesyiddhe pRedicid,pny nege 4.0 bl ock
560 is done in a substantially simlar or the sanme nethod as that descri bed
above i n Bliot ker@8B011EXRERI VENTALr DATA! [@Q052] Firgurdisnedntls depikiqexdanpl es of
experi ment data in the formof graphs. Th raphs_general | y..show t he
density Qf?dva@a}%use CBhY ath nant s dlglp%sli ed® uocﬁq ?‘?1% a}susrcgla\f:eentof the wafer W at
predetermingdid imeEs (€4, fI'seakidddesie ank MMEY SitofoUdirestg . i 0H53] I n
Figure 9, a graph 600 shows the density of cobalt and copper as a function
of differkeht- sodke tiresid ASSEHEWA F i ttheyriaph- B0t e derfyt 18 619 cobal t

and copper,on the suyface, ofn the waf &l Wigcregses, d g general Iy |inear
fashi on as the soak tines increase. WD 2011/077339PCI/1B2010/ 055900 21

[ 0054] Songhoflidel dat stown. i wagreaphsnad@lye filtered such that it
has a low enough level of contaminants and is referred to
as ultra pure water. The liquid 130 then flows out from
the tank 110 through the outlet 120. The liquid 130 may
then be disposed of or recycled after flowing out of the
tank 110.

[0049] At block 530, the flow of liquid 130
into the tank 110 continues for a predetermined period of
time. For example, if a threshold for the detection of a
contaminant on the surface of the wafer W is 2e8 atoms/cm%
the predetermined period of time may be selected such that
the amount of contamination deposited on the surface of
the wafer W is likely to exceed the threshold detection
level. According to some embodiments, the predetermined
period of time is approximately 100 to 150 times greater
than the normal rinse time. With a rinse time of five
minutes, the predetermined period of time is thus in the
range of 500 to 1000 minutes. In one embodiment, the

predetermined period of time is 750 minutes.

[0050] The flow of liquid 130 into the tank
110 ceases at block 540. After cessation of the flow of
liquid 130, the liquid may be drained or otherwise removed

from the tank 110. The wafer W may then be dried such



800 of Figures 10 and 11, respectively, were obtained by "spiking" the
water in which the wafers were i mersed wi th contam nant-cont ai ni ng

sol uti onswOThrigg733at a poi nts are shown for each of the @cfrfiBzoamdssvemer si on
times. The first data point is referr®d to as "blank” and represents

i nstances where the water was not spiked with any contam nant-containi ng
sol ution. However, even when the water was not spiked, relatively |ow
background | evel s of contaminants were present in the water. The second
dat a poi Nt %%p%f@éel?ﬁ%l@%%lt ancBst ket RIS 1 it sqp}i%%%c%lt%

cont am napt; 6o ai ni ng sol ution having 60 parts per quadrillion contam nant
concentration. The third data point represents instances where the water
was spi ked with contam nant-containing solution having 600 parts per
quadrillion contam Hahillconceht rfati@dh.>J0088] Beowrtapht 700 of Figure 10

showsthednst f n el. for three n 0 i 0 onthe
surface o?orfth Hlllryq‘nqc \/ééé< él eu&nc r?ot'ra]h ofé d&% er enj{ atlk%"revgasjisoén%l rrrgs
density afetdenimiekeln an rﬁeh&lémrsfaamﬁlaﬁ theomafter Admdcreasescin a

generally linear manner as the imersion tines jncrease for a solution

havi ng 608 Par & petPGlfadrt IH1GH° of > hi Tkl L0 F0058] Fi gir €13°% gt%ph 800)

shows the, C%%’@dtd/tﬂfn chy QﬁHd’énafé)rté hrge ghiam %@%ﬁ@éyﬁh&%*@@' utions on
the surface of the wafer Was a function of different i mersion tines.

Agai n, th&edigsistedata Yo muisagefefr r@dsubﬁ*a@t'doll%nrﬂda arel ¥eprafsent s
i nst ances V\/nere t he wat er. was Cg%fcfsipl ked. with an ont am nant - cq<nt ai ni ng

sol ution. tﬁs sho?/%S |1?1h%rhetkiﬁ éop]‘f'ne Htuhnee%éonm %/ t " Chr'd on the

surface of3dhe mad efe Wi Lasese iNeds WRR20IH QYH&B@M&E&MO/ 055900 22
generally linear manner as imrersion tinmes increase for. a solution having

600 part PPErO{UAdriING o ot HTER URST 0057 WierF Yt Goduci Hf et eient s of

the for the substrate (e.g., 1 to 10 minutes). In one

embodiment, the typical rinse time is 5 minutes and the
predetermined period of time is 750 minutes. The
prediction made in block 560 is done in a substantially
similar or the same method as that described above in

block 360.
EXPERIMENTAL DATA

[0052] Figures 9-11 depict examples of
experimental data in the form of graphs. The graphs
generally show the density of various contaminants
deposited on the surface of the wafer W at predetermined

times (e.g., “soak times” or “immersion times”).

[0053] In Figure 9, a graph 600 shows the
density of cobalt and copper as a function of different
soak times. As shown in the graph 600, the density of
cobalt and copper on the surface of the wafer W increases

in a generally linear fashion as the soak times increase.



present invention or the enbodi nent(s) thereof, the articles "a", "an",
"the" and "said" are intended to nean that there are one or nore of the

el ement s.wOhe11tar3®s "conpri si ng”, "including® and "havi rgT/IB2080/H39@Nded t o
be inclusive and nean that there may e additional elenments other than the
| isted el ements. [0058] As various changes could be made in the above
constructions w thout departing fromthe scope of the invention, it is
intended that all matter contained in the above description and shown in

the acconpanying driaWfiHy[s] st be Hift tpretderds i1 1 UstiEt i V¥ 7and not in
a limtingsense ;W L0014/ 0y 330 PCH 1B2010/ 055900 23 WHAT; %y GLAI MED | S:

1. A nmethod for predicting contam nants deposited on a sem conduct or wafer
havi ng at™dredstng (vo-vafresrt surfracesi clt hdraretdiotr € onpré simmgersed witdont acti ng

the wafer with the weier for a flrst period of Limm, drying he vafer;
anal yzi ng Vhe Wt Bt 10 tet i he® Cont ath hant 5 on ar?tfefﬁslcf one of° the waf er
surfaces;shown for each of the different immersion times. The
first data point is referred to as “blank” and represents
instances where the water was not spiked with any
contaminant-containing solution. However, even when the
water was not spiked, relatively low background levels of
contaminants were present in the water. The second data
point represents instances where the water was spiked with
contaminant-containing solution having 60 parts per
quadrillion contaminant concentration. The third data
point represents instances where the water was spiked with
contaminant-containing solution having 600 parts per

quadrillion contaminant concentration.

[0055] The graph 700 of Figure 10 shows the
density of nickel for three nickel-containing solutions on
the surface of the wafer W as a function of different
immersion times. The density of the nickel on the surface
of the wafer W increases in a generally linear manner as
the immersion times increase for a solution having 600

parts per quadrillion of nickel.

[0056] Figure 11 (graph 800) shows the
density of chromium for three chromium-containing
solutions on the surface of the wafer W as a function of
different immersion times. Again, the first data point is
referred to as “blank” and represents instances where the
water was not spiked with any contaminant-containing
solution. As shown in the graph 800, the density of the

chromium on the surface of the wafer W increases 1n a



predicting the contam nants that will be deposited on the wafer when
contacting the wafer with water for a second period of tinme shorter than

the firstwpeniod7sd tine. 2. The nethod of cl ai mPCTaREN@DFFIAthe fi r st
period of time is at |least 500 mnute® and the second period of tinme is

| ess than 50 m nut es. 3. The nmethod of claim1l wherein the first
period of tinme is at least 700 m nutes and the second period of tine is

| ess than 20 m nutes. 4. The method of claim1 wherei n a predicted

concent r HG S OFLE oA NAREGS TssiHan Ped AICHE/RPE5E 0T &5 The
et hod of o1 1Bl iherie} nog i stad cancantratdon ofcieoniagi nants is | ess

than l1le6 atons/cn? The met hod of claim 1 wherein the
contami nants detected are rret als. WD 2011/077339PCT/ 1B2010/ 055900 24
7. The nmet hod of cl@i¢th'6l wherl&ign tmm@mmm@m%mﬁemmm ude ni ckel .

8. The method of claim L yher el the yafer 5. oriented substantially
paral | el verti cal ‘sidewal " of e con
articles "a", "an", "the" and "said" are intended to mean
that there are one or more of the elements. The terms
"comprising", "including" and "having" are intended to be

inclusive and mean that there may be additional elements

other than the listed elements.

[0058] As various changes could be made in
the above constructions without departing from the scope
of the invention, it is intended that all matter contained
in the above description and shown in the accompanying
drawing[s] shall be interpreted as illustrative and not in

a limiting sense.



9. The nethod of claim1l wherein the wafer is oriented substantially

perpendi cular to a vertical sidewall of the container. 10. The
met hod ofwol2aim7133purt her conpri sing determ ni ng t he netrall/IBENo/@IHoG N t he
wat er based on the netal content on t2e wafer surfaces. 11. The

met hod of claim1 further conprising analyzing the wafer to determ ne netal
content on the wafer surfaces prior to contacting the wafer with the water.
12. The nmethod of claim 1 further conprising placing the wafer in the
contalnerfﬁﬁ?di1§}%%Wﬁ%c%§ﬂg the wafer with water. 13. The net hod
of claim1l1 further conprising placing the wafer in the container while

water is present d Nndie, oM AifId;cting c&fﬂtaﬂnearn@é; hedsof i ed@ign 1 further

conprising contacting the wafer with water by imersing the wafer in the
water. & semi@ndietdietote ofhatdimat figadertwonprisi mpeiomest i ng the

wafer wt r gggegtgn? a flow of water to contact the wafer

surfacesgk%ﬁﬁggfgyo B2010/ 055900 25 16. A nethod for

determ ning netal content in a container of water, the method conpri sing;
contacting the wafer with the water for a first

period of time;
drying the wafer;

analyzing the wafer to determine contaminants on at

least one of the wafer surfaces;

predicting the contaminants that will be deposited on
the wafer when contacting the wafer with water for a
second period of time shorter than the first period of

time.

2. The method of claim 1 wherein the first period of
time is at least 500 minutes and the second period of time

is less than 50 minutes.

3. The method of claim 1 wherein the first period of
time is at least 700 minutes and the second period of time

1s less than 20 minutes.

4. The method of claim 1 wherein a predicted

concentration of contaminants is less than 2e8 atoms/cm?.

5. The method of claim 1 wherein a predicted

concentration of contaminants is less than le6é atoms/cm?.

6. The method of claim 1 wherein the contaminants

detected are metals.



contacting a substrate with the water for a predeterm ned period of tine,
the substrate having a surface; drying the substrate; anal yzi ng the
substr at eveunfiaoessvo determ ne netal content; det ecwiIR2MEoishe net al
content in the water fromthe netal cd@ntent on the substrate surfaces.

17. The method of claim 16 wherein the predeterm ned period of tine is at

| east 500 m nutes. 18. The method of claim 16 wherein the

predet er m ned 7Derl od of tinme is at, |least 700 m nutes. 19. The met hod

of claim 16 wher el e RRsht Ui Pahit’s detcte arke metianinants’ 20 The

nmet hod ofycl aipd9 whergl mihecontam nants detected include nickel.
21. A nmethod for predicting contam nants deposited on a substrate after

contacting the substrate with water in a container, the nethod conprising;
contacting a vaf erhavindthde eaterafrorl atfdrstn garg Ot iT tigre, the wafer

havi ng Vw%ﬁ?eﬁ%géeg§%§t§HQQ£¥h§rg%ggﬁfgf to a vertical sidewall of

the container.

9. The method of claim 1 wherein the wafer is
oriented substantially perpendicular to a vertical

sidewall of the container.

10. The method of claim 1 further comprising
determining the metal content in the water based on the

metal content on the wafer surfaces.

11. The method of claim 1 further comprising
analyzing the wafer to determine metal content on the
wafer surfaces prior to contacting the wafer with the

water.

12. The method of claim 1 further comprising placing
the wafer in the container prior to contacting the wafer

with water.

13. The method of claim 1 further comprising placing
the wafer in the container while water is present in the

container.

14. The method of claim 1 further comprising
contacting the wafer with water by immersing the wafer in

the water.

15. The method of claim 1 further comprising
contacting the wafer with water by directing a flow of

water to contact the wafer surfaces.



WO 2011/ 077339PCT/ 1B2010/ 055900 26 anal yzing the wafer to determ ne
contam nants on the wafer surfaces; predi cting the contam nants
deposi t edwonotig7sabst rat e when contacting the substrat @ChIBI10v035000 i N t he
contai ner for a second period of tim&25shorter than the first period of

time.
| east

22. The nmethod of claim21 wherein the substrate contains at

one of quartz, sapphire, or germani um

16. A method for determining metal content in a

container of water, the method comprising;

contacting a substrate with the water for a
predetermined period of time, the substrate having a

surface;

drying the substrate;

analyzing the substrate surface to determine metal

content;

determining the metal content in the water from the

metal content on the substrate surfaces.

17. The method of claim 16 wherein the predetermined

period of time is at least 500 minutes.

18. The method of claim 16 wherein the predetermined

period of time is at least 700 minutes.

19. The method of claim 16 wherein the contaminants

detected are metals.

20. The method of claim 19 wherein the contaminants

detected include nickel.

21. A method for predicting contaminants deposited on
a substrate after contacting the substrate with water in a

container, the method comprising;

contacting a wafer with the water for a first period

of time, the wafer having wafer surfaces;

drying the wafer;



WO 2011/077339 PCT/IB2010/055900
26

analyzing the wafer to determine contaminants on the

wafer surfaces;

predicting the contaminants deposited on the
substrate when contacting the substrate with water in the
container for a second period of time shorter than the

first period of time.

22. The method of claim 21 wherein the substrate

contains at least one of quartz, sapphire, or germanium.



