METHODS AND APPARATUS FOR CLEANI NG SEM CONDUCTOR
VWAFERS BACKGROUND [ 0001 ] Field [0002] The present

WO pooentIisoh generally relates to a nmethod and aPCT/CN2007/071210
apparatus for wet cleaning and conditioning the

surface of seniconduct or fer re particularl to
Mo s AR ARARATV S kDR CLEAIRG sEMCE NP dcToR
drain outlet to distribut ipl e cleaning sol utions
into separated return pi pWo’?Eh&cycl ing or

reclaimng cleaning solutions with m nimal cross

contam nati on between cl eani ng sol utions. [0003]

Rel ated Art [0004] Sem Apkﬁ‘@@uﬁb‘ ces are
on's

manuf actured or fabricafe m conduct or wafers

USLOW)@ rjerdper of different processing steps to create
transi stor and interconnection elenents. To

el PUGQ]CEI"HeV_p?é@éﬁf?tin‘{/éﬁﬂéhsgéhewﬁyﬁr_@?étésaﬁ?%irﬁbﬁﬁ’od and an
wi th tHe sem conductor wafer, conductive (e.g., netal)

appaeaikefor wetscleanthd nd idonditiening tieel durfakdelagfcgemiconductor
materials as part of the sem conductor device. The

wafegnioes particulaaty, doup neetozt andcanh app@aratss asthgavieay coupled
between transistors, internal circuit of the

withemi doaiguoutiet dovdisdgbutenanultipdai cleasing rsalutionstindo separated
sem conduct or device. [0005].In form ng the | ) o

retusin e PR O | BEYSliBge M srec¢lainig cdaantidrsaldfiensniyith minimal

under go, for,. ex l e, sking, etching, and deposition
IG5 ERT DI G PROWRENORPABUII SONGHORS anai 5t or & and

desired electronic circuitry to connect those

transistor termnals. In particular, nultiple masking,

A9 REIEHI Ca “Vapor depos! ti on st eps. can be-

PEfIBATE S RidNIuSRR bRViddENare M=iFheted or fabricated on
semiconductor wafers using a number of different processing steps to
create transistor and interconnection elements. To electrically connect
transistor terminals associated with the semiconductor wafer, conductive
(e.g., metal) trenches, vias, and the like are formed in dielectric materials as
part of the semiconductor device. The trenches and vias couple electrical
signals and power between transistors, internal circuit of the semiconductor
devices, and circuits external to the semiconductor device.

[0005] In forming the interconnection elements the semiconductor
wafer may undergo, for example, masking, etching, and deposition
processes to form the semiconductor transistors and desired electronic
circuitry to connect those transistor terminals. In particular, multiple masking,
ion implantation, annealing, and plasma etching, and chemical and physical
vapor deposition steps can be performed to form shallow trench, transistor
well, gate, poly-silicon line, and interconnection line structures. In each step,

particle and contamination are added on front and backside of the wafer.



well, gate, poly-silicon line, and interconnection
line structures. In each step, particle and
w@omansnat i on are added on front and backsi deP@GF/CNE®7/071210
waf er. Those particle and contam nati on can Iead to
defects, on wafers and subsequentl| werin I C
Thgse Rarics oanq?ncgntﬁnlrtaﬁ%n%%@ i/Q%?p@r tq %m@n wafers and

suﬁ%%&ﬁ‘?eﬂﬁil'o‘v%rm "8 PR ARI SInral s da feove the particle

anfl SRR matioft gt Brotf e@?&fﬂ%@%’aﬁa%e?%%%ﬁ‘aﬁrea fény years

A Qﬁéf"’eﬁ 6”‘?8% \ﬁ}ﬁentthglrﬁﬁ ﬁﬁéaﬁg a}ﬁ se‘gafaerlﬁafc&h of wafers

|nse to resi ue C I'ng SO uth on

(nér'?ﬁ e*?é} lin é i’l@{)o*?%éf‘ b%‘?ﬂHéHHEQt?]ecﬁl'JQM‘hal fashion. In

the clea ['uti on betwee

beﬁﬁééhaﬁﬂd"ba@ﬁ@n&lé\’fﬁrébé%éd reatehi gelwarb@vs hh%é@lbtb t&fove any
cleaning efficiency, especially for smaller particles,

rediduki clebnthg sbtutinreflorhithe previdhe bzah c afwe@behchOeqmpment
transfer fromone bath to another is difficult to

flowovelodityasf the clearengesplutiemebetwween dhehsepaaticrt emosg wafers
different, thereby a high process variation is
is Lreba;tme:lnbloau Rbereky nthe, cleaning cefficienct |e@|pefcnaily d@é smaller
wafer to another in the sane batch is inherent for
papigles, i dndted. Abevaueredime fargtha bateh cfovafgn tQaﬁr@nsfer from

ong%f S e fhes oo 9% A a@gsgzmtﬁ%&%“w@aa&ﬁg@m
RN ”gqmg?@esy“ b B ubhBe8 hghes, &L M%v
Fumm% ESAME Y SR bUE FAREE R MOPEE in he same

ba?qf?'@?ﬁh@?eﬁ'ﬂ’ﬁﬁ‘rj § bafchip P(%d:é‘éé Y AsNyafde E&Mllbrgiees to 300 mm,
1 0 ng a

eani ng solu ns onto S surface and

anﬁe' rﬁ%‘nﬁ?é?tﬁ%) teBhADISI S Aokt V&8 gaﬁb§§”'t89 @Hrﬁt i ; beyond,

Singl e wafer processor gives the benefits to precise

traeigidrig@l wet derich ahpproach esahnhos dbHyepneffeelo8Be and reliably
time, and elimnate wafer to wafer cross

clezamingrthegdanticles anar cemtaminstion froeanvafersol uti on, and
to reduce cost

[0006] Single wafer cleaning equipment has become an alternative
choice. Single wafer cleaning equipment processes one wafer a time in a
cleaning module, sequentially injecting multiple cleaning solutions onto its
surface and applying a deionized (DI) water rinse between cleaning
solutions. Single wafer processor gives the benefits to precisely control
wafer rotation, cleaning solution dispense time, and eliminate wafer to wafer
cross contamination. In order to save cleaning solution, and to reduce cost
for waste chemical treatment, It is desired to recycle or reuse those
cleaning solutions. However, since all cleaned steps are performed in one
cleaning chamber, it is a challenge to recycle or reclaim those cleaning
solutions without cross contamination at part per million (ppm) level. The

less the cross contamination, the less impact it does to the cleaning



for waste chemcal treatnent, It is desired to recycle

or reuse those cleaning solutions. However, since al
web@aned7st eps are performed in one cleaning cherdy207/071210

it is a challenge to recycle or reclai mthose cl eaning

sol uti ons wi t hout cross contam nation at part per

prq»ﬁt¢$$ ah (tﬁﬁtl}ongﬁféhe lifgtime of the Cleaning ¢ Ilﬁ‘tt@ﬂﬁ ¥at i on,
| oA kST e e dsooRavha coBust B BEFRER RoRtidlied cleaning

7] h b [ Ly .
SOEﬁmqt rebutR R rnﬁed%%?ﬂt WetfoliDot FeduEhg’ Hhelmical cross
co{tﬁéerp rféw&ﬁ ngnﬁltﬁgt trﬁ eﬁ?jnfh@nl |f’n%nof ?%%cled or reclaimed

't0 exten 1 e recyc

CE@ﬁﬁhglgﬁQtleheam ng sol ut| on [0008] SUMVARY [ 0009] One
ment of the present invention is to disclose

cl eani ng chanber with a rotating tray having a drain
outlet. The tray is rotated around its central axis by

a [Unag]sgl\nma-th{he drain outlet will be npved to its
desi gnated receptor |ocated under the rotating tray.

Thi (0 HaDnege sdadinentcofl thecpeesdnt inkentioayisdendiselose cleaning
gui ded into the designated receptor by positioning the
chamben wdth ezt rotatibgvérayt having 8] draiot belrtleenﬂ'dt& rteay is rotated
of the present iinvention is to disclose a clean ?
areuagits cantnal axis Ly ﬁaMQ’ﬁ@r ﬁ@l thad ther deaipt ovtlet wnl be moved to

coIIect cl eani ng sol uti etra IS rotated ar .
ts] Besiiates TBERptSh I06RISE hundes! HiuTo@ing: traw. The cleaning

sof ipBhrecieRl biiaher 5y G Bt nesbE dreloiibteg regertor by
Pogﬁk&'ﬁﬁ%ﬁbg%@%@@% B558R ontng the ecept or

] f@ﬁ(k]ﬁéﬁ%@ﬁ rg?ﬁng pﬁhgn?%f' file ? %Blﬁ’h Sﬁﬁﬁﬁén |[$.0f35l disclose a
cI%ﬁﬁ?S@%ﬁb@r%ﬁh”ﬁ t?ﬁ?'lféﬁi p"ﬁf Ulfiple’ AR¥célstor8%o collect cleaning

receptors to co eani ng
solutions. The tray is rotated around its central axis so that the drain outlet

of the chamber is selectively aligned above each of the receptors of the tray.
The cleaning solution collected by the cleaning chamber can be guided into
the designated receptor by positioning the receptor directly under the drain
outlet of the chamber.

[0011] Another embodiment of the present invention is to disclose a
cleaning chamber with a tray having multiple receptors to collect cleaning
solutions. The tray is moved laterally by a translational motion mechanism
so that the drain outlet of the chamber can be selectively aligned above
each of the receptors of the tray. The cleaning solution collected by the
cleaning chamber can be guided into the receptor by positioning the
receptor directly under the drain outlet of the chamber.

[0012] Another embodiment of the present invention is to disclose a

drain outlet having quick dump capability. The space between the drain



solutions. The tray is noved laterally by a
transl ational notion mechanismso that the drain
wouibersef the chanber can be sel ectively ali gredCabw/@71210
each of the receptors of the tray. The cleaning
sol uti on col| ected lg% the cl eam ng chanber can be
t

outjet @nd .rﬁ@@ptqreca@c %ﬁa|§9| BYsaf | @hilAfate Se@&eéﬂélr the rinsing
i rect.l the rain. outl et of ,the chanber
waet Sititbaecfaycan b GHickib PiiraBed: WAV AoRunts ggnnected to
di a drain outlet having quick dunp capability.
thel’ﬁégé'gfﬁe bet ween the drai noutl et and receptor can be

sealed by an air inflated seal, and the rinsing water
inside the tray can be quickly punped away by a punp

TR RAS RS Tl % I PREr™ ™

XTI A Il A £F eReietaf starhpld §0kaRs Eleghing iedfce;

depi ct "anot her exenplary wafer c eani ng process; [001

6] %0‘61@ |- FI&s. mmldﬂomt bhathémexahslan) eafengleinggrocess;
001 7] FIGs. 4A-4E depicts a tray and an air inflated

sef01 @]rEJIIGs nBAe3 B atepiet altray im wafte cleariag dgvideyi ce;

[001 8] FIGs. 5A-5D depict another tray and seal in

wafQH1 7]l ddfingddedicedepiots 3] trayGandAalBaifephitated seal, and

anot her exenpl ary waf er cleaning device; [0020] FIGs.
snmuxlamru Wts nwvieher ClsasipgeViGas er cl eani ng devi ce;

E0§cméi Fics: ceh-glaotspiah aBotiet smn e saaloayarer cleaning

d exerrpl ary wafer cleaning device; [0023] FIGs. 10A-1 0B
| ’ct anot her exenpl ary wafer cl eaning device; [0024]

ﬁlﬁ&%&é@%@ﬁq@ﬁ%%fﬁéﬁ%ﬁ@é&%& feaiirgevice:
()(ﬂ]er]l exerrpn?ar y wa eIF{ %ﬂég%}?ﬁ%%rg\ﬁlééy haer @f%?érﬁhg device;
[0021] FIGs. 8A-8C depict another exemplary wafer cleaning device;
[0022] FIGs. 9A-9B depict another exemplary wafer cleaning device;
[0023] FIGs. 10A-10B depict another exemplary wafer cleaning device;
[0024] FIGs. 11A-11B depict another exemplary wafer cleaning device;
[0025] FIGs. 12A-12B depict another exemplary wafer cleaning device;

[0026] FIGs. 13A-13B depict another exemplary wafer cleaning device.

[0027] DETAILED DESCRIPTION

[0028] While the present invention is susceptible of embodiment in
many different forms, there are shown in the drawings and will be described
herein in detail specific embodiments thereof with the understanding that
the present disclosure is to be considered as an exemplification of the
principles of the invention and is not intended to limit the invention to the
specific embodiments illustrated.

[0029] It is often desired that the surface of the semiconductor



[0027] DETAI LED DESCRI PTI ON [ 0028] Wil e the present
invention is susceptible of enbodi nent in many

waledobersm forns, there are shown in the draw PGECHRH7/071210
wi Il be described herein in detail specific

enmbodi nent s thereof W th the understandi ng that th
SUB?H@&M 'Sju%QfllQngﬂ@ i 40t SPSLMGnRIRYEgSa AT 1t is cleaned An
Ilflcat|o t he r|nC| | es, of thﬁwlnventlon

exag1 £ 15 %@ | i $HI{acRA RFe RYHEAPRYIC Fjgrlglge@qs,tcchemlcal
g é@le#ficéé'se‘én%ﬁdogiﬁn?%ghﬂ%pkf%u{aéf&siéﬂ'é%rs- Surtace
co@ﬁﬂ%ﬁih@nigeﬁf’s %ﬁlg%{tgﬁt%aa@g iﬂt&s acfléﬁﬁpié:f: s'o;f’%ti%rg3 so that both
cI ﬁ RINd b?lrl%\‘qé'eé gclgré gﬁnrnﬁg%ﬁﬁ% BYBLCH a%‘i’ﬁéﬁl%hprocess step.

|ng 0 or neta Iayers

In Qﬁédeéﬁhtnm\@ﬂiﬁﬁ ére%rﬁﬁgeanédééﬁdltfdrﬁng 6f 2881 §&miconductor
solution so that both cleahing and surface

substrdit¢ i suifagec darbebe@cloneedvitin githengbrepicorelsiett esolution or
In the present invention, cleaning and conditioning of

separpateesohudiahs:t by tisedelloating sparfagraphes) \berdk)r?elemmhg solution”
ei ther one conbi ned sol ution or separate sol utions.

are seoin afengnpatadheadiouidwar liguidanédoresy that leedto the effect of
are used in reference to the liquid or liquid mxtures

matesigl | @aoval tfremefthec susfaceat @ondlthrunﬁv ef puffacheto desired
surface, conditioning the surface to desired

ProReiies, i ¥LOo®r: bot h. [ 0030] FIGs 1A to 1E show t he

oA RGBT o SRR & b Kcesaplacy rabpgiment of

ind S5 ELREEIGE SR FRLHARE i B¢ 160 2 e vy
in 1%&%% MRt t?ﬁg[o&é‘séh{ ﬁhvéiﬂ&%@' OTP%“ %fé’fe%'@é‘hﬁ@ device

a cha ray rain

coﬁ&r’ isds s HOQAIBLICHYCKOY ébédrcfﬁéte?d Wﬁ“ﬁrsrtor‘iﬂétl@ﬁ &Hive §nechanism

nism10 18 , a shroud 1006 to intercept the use
1096e@nichansioet oo, f4 erya 19ignwitho avafsin Wit a0099beitR) rotated

byle: slerc]:E)cr)1dt rroa}cétlon drive mechanism 1018, a shroud 1006 to intercept the
used cleaning solution from a spinning wafer 1001 and guide it into tray
1008, multiple cleaning solution receptors 1014, and an actuator 1020 to
drive shroud 1006 up and down. Cleaning solution receptor 1004 and drain
outlet 1009 of tray 1008 are able to be aligned by rotating tray 1008.
Chamber 1002 has a discharging outlet 1010 to discharging the waste
cleaning solution. The semiconductor substrate cleaning device shown in
Fig. 1A is equipped with but not limited to a nozzle 1003 to injecting a
cleaning solution.

[0031] It should be understood that tray 1008 may be configured to
intercept the used cleaning solution or not all of the used cleaning solution
should be collected, and shroud 1006 illustrated in FIGs. 1A to 1E is

optional. In an alternative embodiment, tray 1008 and chuck 1000 may



1008, multiple cleaning solution receptors 1014, and

an actuator 1020 to drive shroud 1006 up and down.
W@@ani9sg sol uti on receptor 1004 and drai n outPEr/CHOD071210

of tray 1008 are able to be aligned by rotating tray

1008. Chanber 1002 has a discharging outlet 10 10 to
rotgite @rgupong aarxiakling Qi mid«fjemtugmﬁ.remsctlvely, and actuator

1028} §4GuBsben Vg, bt Aaiheea AETAAGEy emisdment,  the
sehﬂaéﬁ@ﬁ%@{n%@s‘il{%: cﬁ%géﬁiiwl%gicé) ?{%i%u]rce%%pgiggu '$hCcleani ng
sol I F5QLpIRE10%5 JoF SO0t 57 ¥claih b, B8l 3 Sheereaning

illustrated in FIGs. 1A to 1E is optional. In an
alternative enbodi nent, tray 1008 and chuck 1000

MapgOB 2t FhaWwHBRk @Iéa?ﬂh%;%rdders% 6f cle¥idgfa eyaretr 0P using the
respectively, and actuator 1020 may be a cylinder. In

cleamihyedevité shmayn Ve thetRidi nentFigt hE cenpriseduthiedollowing steps:
substrate cl eaning device nay conpri se one cl eaning

so[0033jnLoaday @ séfiidohductacgubstrater1 0@t Iaitoi e chuck 1000
only one kind of cleaning solution. [0032] The whol e _
by@ eabotioefoneiig at Ieasiaonaclaanurfg:cycigousing atyleast one kind of
cl eaning device shown in the Fig. 1A - Fig. 1E )
Clegihpsiodelionhe dry| | sainigPrAvgior [swRsdralenadidfyl;a and unloading
sem cqonduct or, substrate 1001 qntq t chuck 1000, by a .
SeRBBORAUGHT Shhs gt 1 00 O3 Ahidte JADAS WhEI QRS agsumption
e _kind of ﬁgﬁan sol utio m conduct or

| : - d
thaf AL kifcon dgnc®’ of SeAngten 3o/ Clbm: SheMit be Lasdt imthe whole

cleio ob Rt e’ Ereaniiselsrl cblipdigt b ofers. where N

ankCa o} BAf NS QPRIES;, (e cl eaning cycle
co 0

nprises oW ng’steps, where N and | are integer

erO0eh, Aetortlh P86, enens pecisdie PrgeRily of leaning
solutions may be used for cleaning the wafer, and for each kind of clean
solution, a cleaning cycle is applied. The cleaning cycle for the I cleaning
solution comprises:

[0035] moving drain outlet 1009 of tray 1008 to align to receptor 1014
for collecting the I cleaning solution, where the drain outlet 1009 is
preferably positioned directly above receptor 1014, injecting the I cleaning
solution onto the semiconductor substrate for a pre-set time ti; stopping
injecting the I™ cleaning solution.

[0036] According to one embodiment, the cleaning cycle further
comprises: moving drain outlet 1009 of tray 1008 to align to a receptor 1014
for collecting the I cleaning solution waste; injecting a rinsing liquid onto
semiconductor substrate 1001 for a pre-set time; and stopping injecting the
rinsing liquid.

[0037] An example of cleaning a wafer 1001 in regular sequence is



solutions may be used for cleaning the wafer, and for

each kind of clean solution, a cleaning cycle is
wappbiozs’4 The cl eaning cycle for the Ith cl eanP@ECN2007/071210

sol ution conprises: [0035] noving drain outlet 1009 of

tray 100 al i to receptor 10 14 for collecting
prQWQeFIﬂrS%@ljﬁMﬁn@/ eLNI'OR where the drain outlet 1009

| R ing) o %G'@@?»u d GhlHiRoSHEN By actidtor 1020,
oL fFAfR PDIc B Efbe ﬁ59?e§{f%38§8_ (BBt Hopsegs shown in
Fig PR A faSpFERE TS o o HBKCHEERIONE o6 Shopnp Fia. 18

novi n aln

ﬁ)%:fggag}eggﬂgg%éféﬁﬁm afﬂrjsfﬁ &éaﬁmrggegblee%ir{r% theSirst kind of

["utl on

cIédrﬁHg ds@lﬂh@ns%rﬁﬁﬁgilfg Ofotéﬂh?t ERtek {8do ftW aafl%teré?téhon drive
time] and stopping injecting the rinsing liquid

medKEisnmAn1 @x8nand Ofrotdt??@I tngy a M@Berbylo@lsemndg ybtdtion drive

sequence isprovi ded as | ows, where N =2 : [0038]
meédhamismd 0i18gtcs hakel drapsoutiet 1008 pbsiayi ©008ydirectly above one
actuator 1020, |oading wafer 1001 onto chuck 1000 by a
of receptqrsot Oéhf@mgollemmgqtbhﬁ first Eleaning; salruilcrmvaagshown in Fig.

shroud 1008 to position, as shown i
1B cm@y:]tmgemarstpféeaamﬁ ﬁgltalcrn fmpugmaﬂzalg &9@%@@9. wgfer 1001

for?%ﬁos%'réétt@'ééﬁﬂné’ﬁm&ﬁ Ce eSSt 6lEniGa Seiudian feft from spinning
wagt 4807 Baine, ECechah by uls 1 BB then deint JERE fo tray 1008
anidiio bfiéied Trush] flos BN TR Belly SFEMEP I sgiéptor 1014
thHo 'ﬁ' utfe®: d,’é‘ih‘legg)'g@gnﬁliﬁpv\é gsﬁqjggfﬁpg?ﬁesﬁ}é{t ERAning solution.

oug nozz a pre-set

Rd{éﬁﬁ spi %:@%\2 er 1001 rg?rﬁlgéléglérewggogy@gﬂyou dve another
redé]@t@r 10ed ol viRetingMydste tdldanitYSolution, as shown in Fig. 1C.
Injecting dionized water (DI) on wafer 1001 for a pre-set cleaning time, here
the dionized water left from wafer 1001 being collected by shroud 1006,
then reaching tray 1008, then flowing into receptor 1014 through outlet
drain 1009. Stopping injecting DI water. For completely remove the first
cleaning solution from the outlet drain, the cleaning cycle of the present
invention may also comprises a rinsing cycle, which will be described in
detail below.

[0040] Third, performing a second cleaning cycle for a second cleaning
solution, comprising: rotating tray 1008 to make drain outlet 1009 directly
above still another receptor 1014 for collecting second cleaning solution, as
shown in Fig. 1D. Injecting the second cleaning solution for a pre-set

cleaning time. Stopping injecting the second cleaning solution. Rotating tray

1008 to make drain outlet 1009 directly above yet another receptor 1014 for



and being collected in tray 1008, and finally being
drained to receptor 10 14 through outlet drain 1009.

WE@pPTIse | nj ecting the first cleaning sol uti oPCT/CN2007/071210
Rotating tray 1008 to nmake drain outlet 1009 directly
aboye anot her recegégr 1014 for collecti

ste. S
colieeling e ywasie R deaning soltion, as SH%}N\Q’@'{% ﬁ@- 1C. Injecting
di oni zed wat f 1001, f or. - set ,
oISBIAE 5 VRGO 5595 B8 Bt s stopeing

. i n ol l ected by shroud 1006, then reaching
”Uégﬁéggﬁdggu%hen flowng into receptor 1014 through

deai 0 , o .
AL G 098, 0811501 AR AR phil 006 to o
loww&t Eggitgﬁ;\i n, the cleaning cycle of the present
I nvention’'may al so conprises a rinsing cycle, which

Wi fdo478 Flieg rurieading wefrér hobal! %’Y’éh%%ﬁ@l froth’chuck 1000.

perforring a second cl eani ng cy or a second

cl px0Y 31909 ativantagemairthei @I@'anlir@%aié\nceta@nod;l tdbdhe present
make drain outlet 1009 directly above still another

invertept o thatdnlltiple otleaningedationd cardre mgcyolad iovnreclaimed
~as shown in Fig. 1D. Injecting the second cleaning
witholuit the inereaser of sthre Sizandhocleaming Sthapgibey 1002. In above
injecting the second cl eaning solution. Rotating tray
pracess stepmkeolutians eansistingadchgmical spegies ©ther than DI water,
anot her receptor 1014 forcaollecti the waste secon
suBh i SHTSTERts SrolUHeN CeRRPE rised bs: EopiasasRerhiop! water for
ter_on. wafer, 1001 for, a pre-set, cl eanin i me, and .
walR IR e At nd\Bp! 2k Watef iad [HFIS dpdVe-mentioned
i-n-dr vi e 0 ing .-shr 0 .Q._a
clepflifia “SEaMEtR> tadaBr BRFried Rt s Boly BoliBglops or other
f : f et :
ga5PE o iR Ry o, Tt REHTHR i of OF water is

) ¢ _ e presen I'nventi o
pr%ﬁéé?%bl})-'i'nt!ﬁéf’a FUADG 8 dg @os can be recycled or

al'med Wlthrgdgf the 1 ncrease of the size of cleaning
chpotpt] 19020nén exiBY¥Eiment, the cleaning solutions for cleaning

semiconductor substrate or wafer using the cleaning device of present
invention include but not limited to the following:

[0045] 1. HoSO4:H,O5=4:1, temperature range : 120 to 150 °C;

[0046] 2. HF:H,O = 1: (50 to 1000), temperature range: 20 to 25 °C.

[0047] 3. NH;OH:H20,:H,0 =1:(1 to 2): (5 to 100), temperature range:
25 to 70 °C.

[0048] 4. HCI:H,02:H,O = 1:1:(5 to 100), temperature range: 25 to 75
°C.

[0049] In order to keep the purity of a cleaning solution high, it is
desired to only recycle or reclaim a cleaning solution partially, generally
speaking, the first part of the used cleaning solution may not be recycled or

reclaimed. The working process steps for recycling or reclaiming partial

cleaning solution is similar to the above-mentioned steps, except that the



process steps, solutions consisting of chem cal
species other than D water, such as surfactants
W@ 00an7smM can be used as replacenent to D watRBCT/EN2007/071210
waf er cleaning and rinsing. Also, D water used in the
above-nmentioned cl eani ng sequences. can be pre-m xed ,, _
clegniRd caY®BnisufoRitaeiftpRIend, the h@?%ﬁ%&%‘iﬁ di$igactne He cleaning

sof L Bl AR an SRR o S0°h ™ 0 |

o0 b A S 7 QBB OB SRR crin uter
OB, P 500 BT g B RS s
VI V5 O P BELRE] ok on o
ordlEDHmMERPTHEG fe-bit Hin@ t2Hepehdsoh0fw ARIBPEERSNISG solution

range: 25 to 70 OC. [0048] 4 . HC:H2Q2: H2O = 1:1: (5

is heetO® bd elurmpeatiuoe throwe: awayt Rafatbig draRvdutlen 1009 of tray
order to keep the purity of a cleaning solution high,

1008 fcspdsiioredraim ountlgt NOOEc trectlyradodeé rarotheeasceptor 1014 for
solution partially, gener:ﬁll |y speaking, the first part

cobecting ascd relcyslingg thel Ui eleamingsolbtionecgbow oin Fig. 1E.
reclai ned. The working process steps for recycling or

Condinuingitadnieatithel ™ c¢leaning sebutien éor asenand pretsetitisae t. The

above-mant"oned ste except that thecleani n(gl

S, ycl.e
sefang Ryersef HME brdebeRds AT AR UG CLEARINGE AHEON i needed to
cl eaning solution ynder this condition conprises:
be5636|e 0T SFiMEhi n out et 1009 of tray 1008 o

o4 B 185" rElalidhisFin etk Shith AT 1313, RF idBeBing solution
re Qe rerpaftage FRIs Teed IS FBMEEL LIS st time 11
deprysts) RR 8y (fue)) cl eaning sol utionq)

[0053] Cleaning solution to dump or to recycle can be controlled by a
three way valve 1015, as shown in Fig. 1E. In this case, tray 1008 can stay
on one receptor 1014, and which line valve 1015 opens to determines
whether the cleaning solution is drained or recycled. Here, it should be
noted that the receptor for collecting the I cleaning solution waste and the
receptor for collecting and recycling the I cleaning solution may be the
same or different .

[0054] In an alternative embodiment, the number of drain outlet 1009
on tray 1008 can be more than one in order to reduce the drain time and
increase drain efficiency.

[0055] Fig. 3A-3B show another embodiment of the tray in the wafer
cleaning device according to the present invention. The shape of tray 3008

is designed to have a sharp edge so that cleaning solution residual will not

stay on the edge of the tray. Tray 3008 comprises a drain outlet 3009, an



IS need to be dunped or thrown away. Rotating drain
outlet 1009 of tray 1008 to position drain outlet 1009
waelweo9sy4 above anot her receptor 1014 for col [ BCT/CNg07/071210

and recycling the Ith cleaning solution, shown in Fig.

. 1E. Con |nU|n to in ect the Ith cleaning solution for
INNEIsaphH rpMéln e60 95 angl anq@ugeam%aé Wig 1308 ¢ which are

deREIRY T PSR Rep oo i ChefoI Rl DB Ggmination. During
a BRI s DI PG AR e Ter 35 LRy U425 3008,in order to
clegh fig Side wall 2 thay ook Mlings SV 4t $ooBE bl Pitent over

recy C e can control € way va

flo% Eﬁ’wat%?ﬂ%’rﬂ"}‘éddhlﬁ Qhellrgfgb'ﬂor@' s case, tray 1008

can stay on one recep and which |ine valve 10

15[0pBBISThe iRk Gake Qﬂ%lé@ﬁtﬁ&%o‘%ﬁ'n@éﬁ'ﬂé}|r$‘t>ll1é'trbﬁ@e of 1to 2
is drai'ned or recycled. Here, it shoul d be noted that

stdrivardeliteps perfmingtel (mp thie floev Fate of Banvvalersiuring eimsing step

waste and the recepto or collecting and recycling
mayhee tin thearange sof & iton5maimbdnt bedeane ancraigsieethet cleaning
. [0054] In an alternative enbodi nent, the nunber of
effu:rlency oo emixoogquiekly r sithiOlse c desiskiatoraleaning oselution), the
der to reduce the drain tinme and increase drain
tefépﬁlr@tté’ﬁc@}f D} wedsy ispgt atthepangaeefmdta&0 Fabodi rrent

CHOQ ety nyaHBBonanthe SBRRKA o ODPay agboomads of Teflon
P@lﬁﬂﬁlﬂ?ﬁr PR A CURIRICAE . €Beg e r . agaPBirene The - surface
rO%@*?%\% S eRBBER AR ictef & Blber wing 008 A

I?l 8?0%%9%5&% e %'Iéjé@ﬁlgr §8I%Fflb?1r Feglaﬁﬁls ond the walls of

Cross contam nati

shf)c?lfcé?;w@t@ﬁd iRy C¥608! %&@I@%éﬁﬂésoﬁo%a%@é@s ar®l 3024 are
positioned near the surface of shroud 3006 and tray 3008. The nozzles are
connected to a clean N2 line 3006. N2 cleaning step through those nozzles
can be applied after injecting each cleaning solution and after injecting DI
water in the above-mentioned cleaning steps.

[0059] Fig. 4A-Fig. 4E show another embodiment of the tray in the
wafer cleaning device according to the present invention. The embodiment
is similar to that shown in Fig. 3A and 3B, except that an air inflated seal
4030 and a stand 4032 are added. The air inflated seal 4030 is used for
opening or closing the drain. In order to increase the cleaning efficiency and
reduce cleaning time and the usage of DI water, tray 4008 is filled up with
DI water first by inflating seal 4030 with pressured air (CD air). Then the DI
flow is stopped or interrupted and drain outlet 4009 is opened by deflating

seal 4030 with vacuum or one atmospheric pressure. Then repeat the

above DI water filling up and drain steps till tray 4008 is cleaned up to a

_10_



clean the side wall of tray 3008. Wngs 3008A and
3008B w Il prevent over flown DI water from reaching
wa b@opesept ors [ 0056] The flow rate of cleani NRCT/CN2007/071210
solution may be in the range of 1 to 2 standard liters
per minute (slm, the flowrate of D water during
deﬁ"ﬁglﬁye tep may be in the range of 2 to 5 slm In

@Q@OWﬁrea erPt@gf%dE Qi ”'.2 ffléoﬁ:n oéﬂé tﬂlﬁe calculation of

COéﬁ{Fﬁ@FﬂE%Q??felr?w%ﬁ%z%@aséﬁ %@*ﬁ%ﬁﬂﬁﬁeiﬁ@oéﬁuﬁon here)
aftefd reﬁgﬂ@/@g@ e BhdR %nt&ﬁ{&ﬁ“cﬁéamﬂ@dste&s is described

Sapphi ace roughness is in
as#Pn olfiscron or less. [0058] In order to reduce the
eanlng solution residuals on the walls of shroud

BNditt$Hould088. ndtitdd Rhat 18 ZdReuRlidh sRB baNsw is based

30 4 ar'e positioned near the surface of shroud 3006

onahe follawid§dssurhptiongz!l es are connected to a clean N2
line 3006. N2 cleaning step through those nozzl es can

be[62] dCaincentiatead; 50y wetd conepletely coltbeiplastiodvall of the
after injecting D water in the above-nenti oned

trayl déilmngvettingy, Eopsidritmg. tM@krm@s of t}m)wl-b&@hehangmg film
enbodi nent of the tray in the wafer cleaning devic
(cyvadwrg mpueed ﬁ@pal&,ryefmrcensmuaino gravitatingl rf@.ﬁ@e) is used for
imlar to that shown in Fig. 3A and 3B, except that
fmam%pm rasidieciing ERICKAESS: and a stand 4032 are added.

idhy ahat Hiaiaie GogeSDy T iadCenthiel B «&heh equilibrium
th@%ﬁ%%w?a%‘ﬁd Qggﬁl?ﬁec'f ST enCu wth b et Sf’a?.er 4
%ddtfzﬂa‘a' @g?%@v 1,58 dﬂbéé‘ ROE fsﬂ ﬁ#é ddl gﬂncompletely

opped or erru
(d,@iﬂ -i's opened by defl at| ng seal 4030 W|th
cuum or one atnospheric pressure. Then repeat the

[0065] 4. Capillary length is used to estimate the maximum diameters
of the droplets attached to the plastic wall;

[0066] 5. In either case, the amount of residue liquid on the horizontal
wall is twice of the residue liquid on the vertical wall, as is shown in Fig 4D;

[0067] 6. Fill process takes 5 sec to complete;

[0068] 7. Drain process takes 2 sec to complete;

[0069] 8. Residue liquid mixes with fresh fill liquid instantaneously;

[0070] 9. Temperature of the cleaning solution and DI water is at 70°C;

[0071] 10. The shape of the tray is simplified into the likes shown in Fig.
4C.

[0072] Parameters used in the calculation as shown as follows:

_11_



above DI water filling up and drain steps till tray

4008 is cleaned up to a - lo -desired | evel. [0060]
waRaob/0788f£r ence to Fig. 4C and Fig. 4D, the caPCULCH2G00/071210
of contam nation |level (using H2SO4 as exanpl e of
cleaning solution here) after each rinsing cycle in
t QUteILEBUFDItranesMcl eani ng steps is described ad”
fol | ows. L&ﬁqog%‘_ It should be noticed that the
JBNEI"8lish O B BRI ow i s based on the foll gwing19
2%8“ t(i%fons: £0062] 1. Concentrate H2SO4 wet S

RN QA Ya%nChhe plastic wall of the tray (flilm 2

bR A b ST LRSS, T e S0 [h oo
S5t i oY 5058 Sy A e oSl e
SiilraRRYeAsoR of TiWaFt-ot THECIIVRIGHD oSS & L he ephdy

ankjt 39,CABRGA ety 3¢ oplghawet ting); [0065] 4499
E@zm H gr@ﬁ ehgt 2@' S usedto @st

Lhate the mavilmim
FHate e e

dhaREHgIS 2o RS CHLRRPES GIkhfghed to the plastic 4

Wer he—arpunt—of—resi-due
dcis twice of the resiglue

| T SFDI WateNAMlinGORS Ha _the resig
y T 11 ry =0,
[P lof DI whitdr dRIiARRE fromiesy, segc to conplete; 2

]
00687 ——Dbratn—processtakes 2—secto conprete;

[0069] 8 . Residue liquid mxes with fresh fill liquid
i nst ant aneously; [0070] 9 . Tenperature of the
cl [0V 3lg Wel firstodinehdh®l ecpiildrium dhickp@Ss [0F0iHe ] cdficentration
. The shape of the tray is sinplified into the |ikes
HoSiwwettingifigm.
Since
Ap* A= pgAh, where A=27nRd

L = }

LA~ AV} LEAYE"A B |

20 20
Ap=—=—-=pgh
r d

thickness of liquid layer, d, 1s
_20
~ hpg
total fill volume is,
7(R* = R)h
For concentric H2SO4, total residual volume is,
27Rhd + 2Rhd + m(R’ — R} Yh* 2d

[0074] When the volume of residual H,SO,4 is known, the concentration
of H,SOy after first fill and dump in the residual liquid may be calculated.

[0075] After 1st fill, Dilute H,SOy4,

[0076] The surface is incomplete wetted and H,SO,4 solution forms
droplets on the wall and bottom, and the droplet is hemispherical in shape;
we find the radius of the hemispherical drop the next:

[0077] The radius of the droplet equals to the capillary length, where
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4C. [0072] Paraneters used in the cal culation as shown
as follows:[0073] We first find the equilibrium

W@ boogkresss of the concentration H2SO wetting fPEHCN2007/071210
Since Ap* A =pgAh, where A =2pRd . 2s 2s Ap =" =" =pgh

r a thick rquid layer, d, is hpg total fill
veluge 4 s, For%oncentric H2SO4, total residual vol une
is, 2pR tﬂpfé;pR_ng,g)gp(R [0074] Wien the vol une of

resi dual H2SO4 is known, the concentrati on of H2SO4

af [oo7d] 'Frbm ifhe aadWinef irsidifalr dpoletd Ahdubdsimyed surface
be cal cul ated. [0075] After 1st fill, D lute H2SO,

colérade, theevelumhaas residualaipb el esalativadnayd¢idB®ined. Then the
solution forns droplets on the wall and bottom and

conbenthatipneof iesitdeal blpB8&) 4 irathe draplep eanviee foabculiabed.
radi us of the hem spherical drop the next: [0077] The
r alflQ0]oSimiar madeuletiongueas be dore cipen each riesiid cycle, and

wherer = k = s \ Pliquid P gas) .S 60078] From t he
then the sopcanteatiom of tﬂ¢§§§il@|§‘|§§!@4 aR dhaedroplet after each dump can
coverage, the volune of residual H2SO4 sol ution may be
becﬁﬁlﬁpﬁg@d- Then the concentration of residual H2SO4 in

ol RERUE R HSARHICREE n L 2o 2Pl 25 showa i Fig. 4E.
It i P@gﬁg[ﬁgf@gfggéﬁ?ﬁ@ﬁﬂbe%e%@@ﬁt%‘ﬁﬁi’ndﬂ%%%fﬂe? Afifing and dumping

cleaning cycles with total time 26 seconds.

[0081] Filling and dumping a rinsing liquid, such as DI water is
regarded as a rinsing cycle. However, it should be understood for person
skilled in the relevant art from the above calculation that whatever the
cleaning solution is, ppm level contamination after several rinsing cycles of
the abovementioned cleaning steps is possible.

[0082] It should be mentioned the drain process time is set at 2
seconds in above calculation. However, it is difficulty to drain whole rinsing
water from tray 3008 in such a short time as 2 seconds by gravity method
as shown in Fig. 3A. It requires a more efficient way to reduce the drain
time.

[0083] Fig. 5A and Fig. 5B show another embodiment of the drain
device in the cleaning device according to the present invention. The drain
device comprises an air inflated seal 5034, a drain receptor 5014, a
receptor outlet 5036, a pressure gas nozzle 5038, and a pressure
air/'vacuum switch valve 5033.

[0084] Pressure of N, directed by nozzle 5038 may be set in the range
of 15 to 60 psi (pound per square inch). The working sequence of said drain
device is described as follows:[0081] Rotating tray 5008 with its drain outlet

5009 directly above receptor 5014 and seal 5034. Switching valve 5033 to
— 13 —



be cal cul ated. [0080] Results of after 1st fill and
nth rinsing cycle are shown in Fig. 4E. It is possible

w0 0000208 ppm | evel contam nation after 4fill iPQr/aNzbho7/071210
dunmpi ng cleaning cycles with total tinme 26 seconds.

pragsigechair ©or, GEaAiibaMIabh Ll Watargia-warer. ‘Sisniad, mect DI water
wrEs) Bawetet e G, iy 008 AN AreSRutR A A bumil create a
vablinf efER4 A8, STk 0 ARl oBE R v SBLEN Houflting the above
i ol B AR TG o Bk Bne/s AP My sl contamination

re%c?hé’?odﬁ% cayGireal PE% \VQY)%VGSWiﬂchi@/é 3\8%35: &@Bh8Y td Svacuum, and

aln whol e ’'rinsi water fromtra n such a

deflBfihg $&8R58342 HRE PBERIMY tHEaYAY Y5008 hedpasitdhoe idtain outlet
Fig. 3A. It requires a nore effiCient way to reduce

direbtly ditRive tecmptdrd8Bahdther clekring $olgtioBB Show
anot her enbodi nent of the drain device in the cleaning

depf0(85]ale qrreissgre gas el rivess ¥enturey pumprdesiribedl @bove can be
device conprises an air inflated seal 5034, a drain

replacegt doy 3uarmahb beltewt bunopt |diaphoagm apyimgs s tetatgaspump, or
nozzl e 5038, _and a pressure air/vacuum swi tch val ve

mefesing pooda] Theehtesials ofserlr e@84dcay b datomodeflon, or any
may be set in.the range qf 15 to 60 psi (pound per

Otf&fu%h%w%nse.s'ﬁh\éem N#Ssequence of said drain

K1 n SRR SRS 0T 3L 529 A'GH is formed
oo SRR, 8t B0eher iels 3 orsY) BEDBRBAE 17 74708, The oo
ISHRISHTE SIS Sunthie A0S bR fenl o ruRTEISY ceal 5034
iIIu%ErLaSS?i itht@ﬁ%%&%%r aQNidth &0 Ui @1ZKhY - preferably, 0.1mm
to 1mm.

[0087] Another alternative embodiment is shown in Fig. 5D. A flexible
bellow 5013 is inserted between receptor 5014 and a ring 5015. Once
pressure gas nozzle 5038 opens, ring 5015 automatically raises up due to
attraction force generated by air flow in the gap, and the size of the gap
becomes zero, which will enhance sucking DI water out from tray quickly.

[0088] FIG. 2A-2B show another embodiment of the wafer cleaning
device according to the present invention. The embodiment is similar to that
shown in Fig. 1A and 1B, except that tray 2007 can be vertically moved up
and down by mechanism 2021. Before loading a wafer 2001, tray 2007 is
moved to a lower position as shown in Fig. 2A. After loading wafer 2001,
tray 2007 is moved to higher position for collecting cleaning solution as

shown in Fig. 2B. Wafer chuck 2000 is rotated by motor 2016, and tray
2007 is rotated by motor 2018. For the numerals 2002, 2009, 2010 and
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i njecting and dunpi ng cycles as needed basis till the

resi dual contam nation reaches the required ppm val ue.
w@Eamoormsng val ve 5033 to vacuum and defl at i ngPGEEN2007/071210

5034, and rotating the tray 5008 to position the drain

out | et rectl8% abgve receptor for another cleaning

2046 in i kK ndng Bpr’@kﬁ% npte goresPanRdingr Zealuigs that are

o5 S RS S0 B 8560 R, ik Lk B Peescribec

rjal f seal 5034 can be Viaton, Teflon, or any
reé%%l I%ﬁ%ﬁgcal resistive naterlals [0086] An

t tFYG Wﬁ%w én gfﬁb gngﬁ{:ofAtl'gé?RN%%r cleaning

betmeen in recep rain

de?R%gaef:oFdlﬁ oo fré“seerﬂ"ﬁﬂv bltlkb?lt'“ﬁ{ @r’rﬁleé:'nQenﬁgoglmllar to that

uncti ons a a rep acenment of air in Iated sea

shbWr\Um Fr’? egAl QnE'ZHB ékcé?ﬂtﬁ@tsaawéféﬁ ¥ting Qisk160%LUriven by an
2mm preferably, O .1mmto 1mm [0087] Another

actldter W@eueﬁb@silarrewﬁndér ﬁdﬁamedn AFctuat@rEBOAOf mexidy disk 6042
bel l ow 501 3 is inserted between receptor 5014 and a

to @ higheripssitiomes shewsauineFignsbApaniceti@3a aafes 600 his loaded
501 5 automatically raises up due to attraction force
ont ksl tGin Dybyaier roboln(robathrolyshovemeray Biste 66542 moves to a

gap becones zero, which wll enhance suckin

lovéeit posdtien rasy SH@MtrkIIIS} Figodijand toads- \ngefhg@ﬁ&n@lﬂ mz.huck 6000.
Fof fesgrungrels 6085 PORY. AT A0 aER!4: 60dmpnd S0 1S in FIG. 6A
antéaﬁ‘% HHEY dlehgtey) R%ré\ees?avqml B PRSIl A ad Sbst by 1002,
PR QUSRS A ST, SRR R cre

reﬂ@%ﬁg e tray 2007 is noved to higher position for
co |ng cleanlng solution as shown in Fig. 2B.

Vafrohrets. 2PR07 B Ssh@hahRBther EhBbdiénf of ¥ Wamdt cleaning
device according to the present invention. The embodiment is similar to that
shown in Fig. 6A and 6B, except that a wafer chuck 7000 can be moved up
and down by cylinder 7041. Cylinder 7041 moves chuck 7000 to a higher
position for loading or unloading a wafer 7001 by a robot as shown in Fig.
7A, and it then moves down to a lower position for performing the wafer
cleaning process as shown in Fig. 7B. For the numerals 7002, 7007, 7009,
7010, 7014, 7016 and 7018 in FIG. 7A and 7B, they denote corresponding
features that are denoted by 1002, 1007, 1009, 1010, 1014, 1016 and 1018,
and will not be described repeatedly here.

[0091] FIG. 8A-8B show another embodiment of the wafer cleaning
device according to the present invention. The cleaning device consists of a
cleaning chamber 8002 with a drain outlet 8009, a wafer chuck 8000 driven
by motor 8016, a lifting disk 8042, a cylinder 8040 to drive disk 8042 up and

down, a tray 8046 with multiple receptors 8048, and a motor 8018 to rotate
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2007 is rotated by notor 201 8 . For the nunerals

2002, 2009, 201 0 and2014 in FIG 2A and 2B, they
wa@lewon®stor respondi ng features that are denot eRCHEN2007/071210

1002, 1009, 10 10 and 1014, and will not be descri bed

r epeat ﬁ%% her e. 008% Fl G %A 6B show anot her )
traynB04h tinghehaagr 8082nn3¢ dewale 8&@&&9. H@(Qﬁt cleaning

soﬁﬁgﬁ) irﬁqsgﬁnq ipraé%&tlﬂeggoéﬁ ﬁ@@ntfom g‘ﬁ}l Lép pg; tO(l).Iﬂet 8044 is
usg o, GEPOLE el el oYadtn 3R Bbtie, g5 G Bsf cleaning
oo ERLBATE RS0 iy 4T HI At ceaning
s JOVEA S Hosith‘d §éﬁ%"§”8%?‘£fﬁ%o§‘“iﬁétn@?§’u%L&28§§mber 8002
Be'F@l"e e s@@@iﬁﬂ%léaﬁ% sohPdn iSpPlictlo WafePBbH1 @Qéeﬁtor 8048

and 601 8 in FIG 6A and 6B, they denote correspondi ng

forf epdlingshé mcﬁchcMmhgds@Mtlb@uO% mided td @PusitidA difectly under
1014, 10 16 and 10 18 , and will not be descri bed

dralapeatletjlaﬂoesrcﬂ chadddr 8002. BeftBesbDbwvatert lre@pplied to rinsing
enbodi nrent of the wafer cleaning device according to

wafee §810sks erecaptoe@Q4sh fomicollentingi waste m;atgrntsl movte:d to position

that shown in Fig. 6A and 6B, except that a
dirgrtlyk Unoes elsain coutiste BARP apli chaimbey &QQ%deTrrayo&BQ% further

coRbiSty GAc Agakr Oubeh SN 1Tl AR Biner gy 3825&83'95' a water being

hen

sp@'&éﬂi ﬂ%ﬁ'%?hser%é"&%- FRERRRE “BpddnPrg soapecBddo flexivle
RS 48"’ Gracioto ndBe bR vt i fuist iRaged during
rofzf55" 81 46 SPRES. MBrdgT ¥ 1 ByMIEy Sich i gyement, the

rot‘él'tl'o'n Qﬁ%lebéf 18 08047@%!@9@58 ?é“lé’s@ﬁ'ie 2?@‘2)?]tu}n FI G

A- 8B show ano her ment of t er cleaning
[0092] In an alternative embodiment shown in Fig. 8C, inflated seal

8030 is included which has the same function as illustrated in Fig. 4A.
[0093] FIG. 9A-9B show another embodiment of the wafer cleaning
device according to the present invention. The embodiment is similar to that
shown in Fig. 8A and 8B, except that tray 9046 with multiple receptors 9048
moves laterally instead of rotating, and chuck 9000 can move vertically for a
robot to load and unload wafer 9001. Tray 9046 is driven into translational
motion by motor 9019. The cleaning device further consists of a nozzle
9026 located inside cleaning chamber 9002. Nozzle 9026 is used for
purging chemical or water residuals to drain outlet 9009. Tray 9046 further
consists of a drain outlet 9010 for draining cleaning solution or water being
spilled outside the receptors. Receptors 9014 are connected to flexible tube
or bellow 9048 in order to handle the relative motion or twist created during

translational movement of tray 9046. For the numerals 9016, 9019, 9041,
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devi ce according to the present invention. The

cl eani ng device consists of a cleaning chanber 8002
W08tk ai n outl et 8009, a wafer chuck 8000 RET/¢N200BY71210

notor 801 6 , a lifting disk 8042, a cylinder 8040 to

drive disk 8042 up and down, a tray 8046 with nmyltiple
904dcand 505G o ICaRA ansb o5, they @e%/gtq ePHESPOAdIRG f8atures that

arg g 156BIBL AN AtBE! rad%4iancc 05k LWl hey be described

46. xhaust outlet 8044 is used to conduct away
rengidlghef

gpor and funme. Before the first cleaning

i;qugn n't:L% ]‘355&}19% EHOW%%@%@%\%&b{)@ﬁﬁ%@?hf gﬁégwéf’ér cleaning

I'T st eani n

degideeébwgdgﬂg% t‘i‘ff@fés‘éﬁt‘ ifveRfeR. Ahe aﬁi%ﬁﬁ“%”i%ﬁfié similar to that

efore t econ eani ng solution 1s

sh¥@ireln $911A 486G 0ex88¥Bahethéey fayntodh2 iSefdisl for collecting
cleaning solution is noved to position directly under

andtiremn ohedhielg 3MPStion. dhraybd008d02ZanBéfemobedwaieanids down for
applied to rinsing wafer 8001 , receptor 8048 for

loachhgeanidnginkeadmgvawvafer sl0Gf/edoy ca pasbhat. onraly r€@004 is further
under drain outlet 8009 of chanber 8002. Tray 8046

conhpected te endrainsoya flexible tukairaielkn 1®G1R2. thaipurpgse to add
cl eaning. solution or water being spilled outside the

trayed0p04r is treespeciadlysoaliect soptm rdeaning salvbanpwhich can not
t ubes 8048 in orﬁer to hand] e rel ative novenent, or

crasy Sentaminale WithiGiher sieantg solutions woRBb (PArbPEEpillion) level,

sutf A% M féafitensgiitdn’ | Whkid By TBboa ioys8iatig Shroud 10006

| 0 | i . !

< BT B0 by L B2 SN AR g, s o o
. 7 s I _ >

spg&Ga" SER08M MR, pOLRIt et Cledhigisoftfiort Sipted iffo the wafer

10@‘1%@? b@?@ﬂi@llggtﬁréwm%&riﬁﬁﬁa'y ARIH4.9Por THE numerals 10002,

enbo I to at sho d 8B,

Iment s Simlar t wn in Fig. 8A an

10087eA0C0dRt 100 79, 9069 41100 18/ ldndol 80N 8CiRPFAGS 19M¢8nd 10B, they
noves laterally 1nstead of rotating, and chuck 9000

denoate coveespondingl featlis thataret dénoterhthyah@D2n100d, 1009, 1010,
wafer 9001 . Tray 9046 is driven into translationa
1014, 1016 and 1018, and will not be described repeatedly here.

[0095] FIG. 11A-11B show another embodiment of the wafer cleaning
device according to the present invention. The embodiment is similar to that
shown in Fig. 2A and 2B, except another tray 11004 is added for collecting
another cleaning solution. Tray 11004 can be moved up and down for
loading and unloading wafer 11001. Tray 11004 is further connected to a
drain by a flexible tube or bellow 11012. The purpose for adding tray 11004
is to specifically collect cleaning solution that contains chemicals which
must not be cross-contaminated by other cleaning solution even at ppb
(part per billion) level, such as HF solution. When tray 11004 is used, the
tray 11007 is moved to a lower position to avoid cleaning solution cross

contamination. For the numerals 11002, 11007, 11009, 11010, 11014,
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notion by notor 901 9 . The cl eaning device further
consists of a nozzle 9026 | ocated inside cleaning

W@ b@ao#879002. Nozzle 9026 is used for purgi ngPCHEN2@®AN71210
or wat er residuals to drain outl et 9009 Tray 9046

further consist f adraip outlet 901 0 for drainin
11001 B-Andd LB i HiCorT 1eerd B3Ps hgwuderweo@@@eaaommg features

thatCAE §RnBked B b008. 1RO dI0% o bl 81 #nd01 81 48D 18, and wil
nog?f s?%@@r{%é@”réésﬁ%e@&ﬁﬂ%%ﬁi;{‘g %016 - 9019 | 90d1
I nd 22 Shopf 2ot 2 sriRBHATER b tne wafg, cleaning

de??ﬁeéteééfd'”ﬁer e @go%%}qﬁpg%im T showailgﬁ%'%%eglm”ar to that

sh8WRPH Feapt 1Afarhdre Beérte _r[§’d SABTHYY %Yio?%r?qw @|'2'GHD4' 5 added for
the present invention. The enbodinment is simlar

colidetinghambther Clganihg aolutiéh, ende lftingheisk Ir’|82/O42 is added,
10004 i s added for coIIectlng anot her cl eani ng

togetheriwith a iclyck00R@00aray 12004 ispcamuectedntd ar drain outlet by
| oadi ng and unl oadi ng wafer 10001 by a robot. Tray

pipd001t Disk h‘BZOéBnmm/taﬁd U0 &4 Cdl 10iwin b‘pralofaobmg baled unloadmg
t ube or bell ow 1001 The purpose to add tra

wafgrt&%@betg &htgpkcalzo&}& Ib@ep@weaﬁen@rsaddungmtrm &2004 is to
r]g ?t cr?ss cont am nat e Wlt Ft he cl eani nB

speigallynsolect s6Mear/Eapind talkien) thab, epntaiienchemigals which

BBt 1 A e Rt PR LS s at oo

(Pt RIS 5Vl Lﬁéfﬁa%ihﬁ%pci?éﬁﬁnﬁdﬁﬁlutfcﬁf@i?éﬁr?{%ﬁﬂ2004 s

cofbindes CRARRE SRR B8 ohP By 12900 08 g hgr positon

to EBQeF@Paé/nﬁ‘ZOOSF'F%r tﬁ%@ﬁf&tré%%zgww ©12009, 13010, 12014,

corres ding features t are denoted by 1002, 1007

129980407015 LIS, R0\ 30I8 040 N O gPOR eaturs
thatrartehdenetda diymed02ofl 007e 180k 1 @1 @andng, 1016 and 1018, and will
not be described repeatedly here.

[0097] FIG. 13A-13B show another embodiment of the wafer cleaning
device according to the present invention. The embodiment is similar to that
shown in Fig. 12A and 12B, except shroud 1306 is designed to cover both
tray 1308 and portion of stationary tray 13004. When shroud 13006 is in a
lower position, the cleaning solution spinning out of wafer 13001 will be
mainly collected by stationary tray 13004, and portion of the cleaning
solution landed on outside surface of shroud 13006 will flow down to
stationary tray 13004. For the numerals 13002, 13007, 13009, 13010,
13014, 13016 and 13018 in FIG. 13A and 13B, they denote corresponding
features that are denoted by 1002, 1007, 1009, 1010, 1014, 1016 and 1018,

and will not be described repeatedly here.
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devi ce according to the present invention. The

enbodinent is simlar to that shown in Fig. 2A and 2B,
we@@eprIsahot her tray 11004 is added for col | ecP€TIGN2007/071210

anot her cleaning solution. Tray 11004 can be noved up

and down for | oadi ng and unl oadi ng wafer 11001 . Tray

11 3]SAHUPHEBrt?”@anﬁ§LQ@dW§nHO@r has hgen desexipedewith respect

o ST AL, Bl GRS ek B spparen o
thd i bRl B i SRS Yl bdtighnaRs AH ehangsg may be made

: ( L ikRRA) S olyyt.i :

iRt BBBbrilf ot 8L Vet Rlon. KO |ERatimie” e Almpey of drain
[ [ o 0 u N <C -

ouliStein RAE, totatiopCuay Lan ME PR Bk EERoRE, g3 dnerease the
effici8nd of dkafH 6r 1aQuds dragh ik9e18 in FIG 11A and 11B,

t hey denote corresponding features that are denoted by

1002, 1007, 1009, 10 10 , 1014, 10 16 and 10 18 , and

w Il not be described repeatedly here. [0096] FIG

12A-1 2B show anot her enbodi ment of the wafer cleaning

devi ce according to the present invention. The

enbodinent is simlar to that showm in Fig. 1A and 1B

except another stationary tray 12004 is added for

col | ecting anot her cleaning solution, and a lifting

di sk 12042 is added, together with a chuck 12000. Tray

12004 is connected to a drain outlet by pipe 1201 1.

Di sk 12042 noves up and down for | oading and unl oadi ng

waf er 12001 to chuck 12000. The purpose for addi ng

tray 12004 is to specifically collect sonme cleaning

solution that contains chem cals which nust not be

cross-contam nated by other cleaning solution even at

ppb (part per billion) level, such as HF cl eaning

solution. When tray 12004 is collecting a cl eaning

solution, the shroud 12006 noved to a | ower position

to cover tray 12008. For the nunerals 12002, 12007,

12009, 1201 0, 1201 4, 1201 6 and 1201 8 in FIG 12A

and 12B, they denote correspondi ng features
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that are denoted by 1002, 1007, 1009, 10 10 , 1014, 10

16 and 10 18 , and will not be described repeatedly
wheee/07980097] FI G 13A-1 3B show anot her enbodP@EaN20/071210

the waf er cleaning device according to the present

i nvention. The enbodinent is simlar to that shown in

Fi Yhabig Glaimedds: except shroud 1306 is designed to

cover both tray 1308 and portion of stationary tray

13004. \When shroud 13006 is in a | ower position, the

IO AR, L S, B 4 e
sl A BT 000, oL 8 2
RSO S dSGL it 10010, 101

Coérfﬁ‘é,f’%‘@tim RENY & diilat sabecKlfsets fotate _Jé}@&ndlé)ﬁéxis;
1009, 10 10 ,” 1014, 10 16 and 10 18 , and will not be

deaashidrader éioent edl y here.[0098] Al though the present
i nvention has been described with respect to certain
enhdrhywitrs at leastres draimdoatlet;i cations, it will be
apparent to those skilled in the art that various _
nodiseaoid totatimgimeansyts dning saidrsay toirotatetaround an axis;
departin? fromthe invention. For exanple, the nunmber )
of atileast eng eleaning selytirrtiesepieryplaaadbendsr saidatray, said
one in grder to increase t fficienc f draip or

clehing SAESN ECREITHABTIG ABlRafarbls PUGHAd Ta,sai Al eutlet of the
far cleaning a condi ti oning a sem conduct or

traé’&@é{(?fﬁ%é‘gsg?@&@yconpri sing: a chuck to hold a

sem conductor substrate; a first rotating nmeans to

drive said chuck to rotate around an axis; a chanber

b 2 i t.h . - ' .
; g?g‘tl'p%gépréééré(‘fu% of’“clélﬁ?slgifg%ﬁg;/@?@p?fé'ti@@tat RaSE S nozzle to

_ ans to drive s e aroun
defi¥ef a cleaning solution.

3. The apparatus of claim 1, wherein further comprising a shroud for
leading the used cleaning solution to said tray, said shroud being positioned
above said tray, said shroud is vertically moved up and down by an

actuator .

4. The apparatus of claim 3, wherein the said shroud is made of one of
the following: ceramics, Teflon, Peek, or POLYVINYLIDENE FLUORIDE.

5. The apparatus of claim 1, wherein further comprising a driving
means to drive said tray down to a first position for said chuck to load or
unload the semiconductor substrate, and up to a second position to perform

cleaning or conditioning process.
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at | east one cleaning solution receptor placed under
said tray, said cleaning solution receptor being able

W@ 200be7%li4 gned to said drain outlet of the traRChgN2007/071210
rotating said tray. 2 . The apparatus of claim 1,

further conprising_ at | east one nozzle to deliver a
cl @aﬂﬁ]ﬁg appajatuh of clainrnt, (2:(i @@'gftr%y as fmade of one of the

wherein further_c risi a r f i

foll i, fesAMigs s5E0ToF sk ot ROLAIN ZLInERfE BIaRIRE.
positi oned above said tray, said shroud is vertically
nmoved up and down by an actuator . The appar at us

4
°f79¥'§krg%|oﬁ5é:{‘@u%r BF 'LILig ﬁ,g%ﬁ’gf@e‘%@ ScHRE fQfth@P & Sthprises a

the ceramcs, or
' ikl Sis. Y :
vefIRNYY i BB, S il SR8 T4F it B oacing or

unfodingr e demicbadactdr stberate | andfisrmeded &hacketdnd position
| oad Or unload the sem conductor substrate, and up to

to plase thiel seasiconductor pebswate ohesaidnchwek.condi tioni ng
process.6 . The apparatus of claim1l, wherein said

tray is nade of one of the follow ng: ceramcs,

Tefl on, Peek, or POLYVI NYLI DENE FLUORIDE. 7 . The

apParlheisapparatas nofl clainerki wheseth fudblerf comipsising a vertically

conprises a vertically noving disk, said disk is noved
mayng mechaniss ttpodriver spshd@inuekoto ual esdi pesitipa for loading or

em.conduct or .substrate, and is noved to a second .
UnATINO RS SomIGRRIUG Sl Al 18 aysesand Rapitian do perform
Ichuck. 8 . i?e arﬁ)é)arat us of claim11l, wherein further
Ce@&%gi%riq@ﬁ P8} Pﬁ???s%vi ng nechanismto drive said

chuck to a first position for |oading or unloading the
sem conduct or substrate, and to a second position to

pegf j it i.pRA p
Ppgar (i, PERTafls 8F A offeRiERREESY Comples at least one
nitt&§sh r8le to purge the used cleaning solution away from the surface

of said tray.

10. The apparatus of claim 1, wherein the tray further comprising an

inner annular wing and an outer annular wing.

11. The apparatus of claim 1, wherein further comprising an air inflated
seal placed under the drain outlet of said tray to open or close the drain

outlet.

12. The apparatus of claim 1, wherein further comprising an air inflated

donut seal placed between drain outlet and receptor.

13. The apparatus of claim 12, wherein said drain outlet further

comprises a pump to suck the used cleaning solution away from said tray.
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ni trogen nozzle to purge the used cleaning solution
away fromthe surface of said tray. 10 . The apparat us
w@ooghzusm 1, wherein the tray further conpri siPQI/@N2007/071210
i nner annul ar wing and an outer annular wing. 11. The
apparatus of claim1, wherein further conprising an
air inflated seal placed under the drain outlet of
l.ose the drain outlet. 1

sai ay to open o 2 . The

o dE abPaghir Of aiRbrd WREFE Res AR 54 RIFSsured gas

air \Jnflate nut seal placed between drain outl et
d”XﬁH‘YéE@ﬁ?&?Qﬁﬁ% . The apparatus of claim12 , wherein

said drain outlet further conprises a punp to suck the

used cl eaning solution away fromsaid tray.14. The

appar Mot 3aither .. .

pr ggs ﬂil(rhte% ag)f seﬁ éﬁ]ﬁ ven%lnt ur’awg%ﬁ%m %ﬂﬁéﬁﬁgﬁgggﬂﬂ Ssstatlonary

colécidraidBifionelied fisiid bf sBR] tegTPri sing a stationary
coll ector positioned outside of said tray. 16 . The

apparatus of claim1, wherein further conprising a

stationary collector positioned outside of said tray,

andi6a Tiey apparatusod glasnt1 owberaelroiwrthée comnprisimay a stationary

and portion of stationary collector. 17 .The apparatus
colbectarapositionadeostsidewof Raid t@yprand @y naovmblebsgroud positioned

coll ector, and an actuator positioned outside of said
abpyvgythessaid tigy @ncbponiar of sdatiorary eellegtaiown to a

first position for said chuck to | oad or unload the

sem conduct or substrate, and up to a second position

dur i cl eani nqg or Fondjti ni the sem conduct or.

subdt T apraratugraf giaim oF whrelh A‘F'Jd CStifufing 2 movable
co b agfoBR 0k BRSRIMERShiISRR of Sa8E, R0, 44 actuator
mc?‘xféoéw §§Fncfgop‘§§to?rc?d\ﬁﬂttb”§ firSEpYSRBt R AUIALME R Rhad Br unload
the semiconductor substrate, and up to a second position during cleaning or

conditioning the semiconductor substrate.

18. The apparatus of claim 17, wherein further comprising a shroud
positioned above said tray for leading the used cleaning solution to said
movable collector and preventing the used cleaning solution to flow into the

drain outlet of said tray.

19. An apparatus for cleaning semiconductor substrate comprising:

a chuck to hold a semiconductor substrate;

a rotating means to drive said chuck;

a chamber with at least one drain outlet;

a plate having at least one receptor placed under the said chamber;

a moving means to drive said plate so as to align the receptor with the

drain outlet.
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drain outlet of said tray. 19 . An apparatus for
cl eani ng sem conduct or substrate conprising: a chuck
w0 200hors74 senm conduct or substrate; a rotati ngPEEaNS007/071210
drive said chuck; a chanber with at | east one drain
outlet; a plate having at | east one receptor placed
under the said chanber; a noving neans to drlve sai d
n the rec tor the dra

DL Eh et abharSus of HalT 46 Wik din daid mavin, Mg is a rotating

kARG dfyeSs SRR 46 YoliE DT HB dar i o

claim19 , wherein said noving neans is a
transl ational notion nmechanismto drive said plate to

mge. Tl‘i’éeéﬁ‘bb}‘a &h%léiﬂ?aﬁgt Ughefe aéram:ll%ow Irr‘i%le%ns is a

sal d chuc urt er conprises vertically noving~di

trapiatichalmotiofieaiaisn i ahvecs%.al;ﬂaté € hegve ‘Péiterally

unl oad the sem conductor substrate, and to a second
position to put the sem conductor substrate on or take
it off said chuck. 23.The apparatus of claim19 ,
wh22 el Ime spphrappsiraftelain ut9 hehecempsaik shackeiurthex ¢cgmprises a
novi ng mechanismto drive said chuck to a first

vepically moving diskdsaig diskuslraatedgto adirstposiaauta wad or unload
substrate, and to a second position to perform

the| éamlﬁgnducwnmbsﬁﬁa@ Aistel’. QssaeRNGppOsition & put the

cl.aim ere| said tray.c ri ses | east one

SeRlIEPBYHRII ST B0 G dakaal CHoR €y sol ut | o
away from surface of said chanber. 25. The apparatus
of claim19 , wherein further conprising an air

ot TGP e 8O Y n VRt i Gplatys further

con?rlé’éseda G&GBRANY FRIVihG OmMddHRiSAH 4oCBATRkaid chuck to a first

position for loading or unloading the semiconductor substrate, and to a

second position to perform cleaning or conditioning process.

24.The apparatus of claim 19, wherein said tray comprises at least one
nitrogen nozzle to purge the used cleaning solution away from surface of

said chamber.

25. The apparatus of claim 19, wherein further comprising an air
inflated ball seal placed under the drain outlet of said chamber to open or

close the drain for disposing the used cleaning solution from said chamber.
26. The apparatus of claim 19, wherein further comprising an air

inflated donuts seal placed between the drain outlet of the chamber and the

receptor on said plate.
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26. The apparatus of claim19 , wherein further
conprising an air inflated donuts seal placed between

W@ b@dreiy outl et of the chanber and the recepk@r/Cy2007/071210
said plate.27. The apparatus of cl ai m 19 , Wherein

said drain outlet furth r_co ri ses to suck t
uséd- clegnarpasatus i eh |, cW r?trbn$ i djréﬂhn%'éﬂet further

A nmet hod for clean senj conduct or bstrate
Coemﬂﬁ@%.%@umea{ﬂ ck the%taﬁ% 2ning, seltian. Akgy quickly from
sa(£§§$ eani ng the sem conductor substrate with at

| "ki nd of cleaning solution, wherein for each
ki nd of cleaning solution, a cleaning cycle as foll ows
is perfornmed: rotating the sem conductor substrate,

angdgmayj héd%?'c?éa@’lhp' r‘?{lc@néluéﬁbrtéhkgtt&%é rising:

deS|gna recept or ecting the designate

cl I%ﬁdlﬁg $8kHitendutrestbswatdente sl dmaéled cl eani ng
sol ution onto the sem conductor substrate; stop

| ntleetning thessataidandictdr Subtiate withudti least apel kinadof cleaning
said cleaning cycle for each kind cl eaning sol ution

soluticr!, whiereimder &ach dand nof etéaningnsahdiamphi eleaming cycle as
the sem conduct or substrate; dry the sem conduct or

follaws is gesformediadi ng t he semi conduct or substrate from
the chuck. 29. The nethod of claim28 wherein the
cl eani Rjatipgl t@er gemt@@nd@ﬁtﬁn sidestrate,iand mevieg: autlet drain of

o @e?.fteég 58 @ SehiaiiAlsd) ReeRior, frecolaing the designated
rlgela ng s%lllufjoomo t he sem conduct or substrate
injecting the designated cleaning solution onto the semiconductor
substrate;
stop injecting the designated cleaning solution;
applying said cleaning cycle for each kind cleaning solution until all
kinds of cleaning solution are applied on the semiconductor substrate;
dry the semiconductor substrate;

unloading the semiconductor substrate from the chuck.

29. The method of claim 28 wherein the cleaning cycle further
comprises:

moving the outlet drain of the tray to align a designated receptor for
collecting waste cleaning solution;

injecting a rinsing liquid onto the semiconductor substrate;

stop injecting the rinsing liquid onto the semiconductor substrate.

30.The method of claim 28, wherein further comprising

adding a valve on the outlet drain for performing a rinsing cycle as
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stop injecting the rinsing liquid onto the

sem conduct or substrate. 30. The nethod of claim 28,
waob@peres74 urt her conprising adding a val ve on PEECN2007/071210

outlet drain for performng a rinsing cycle asfollows:

st oppi ng draining when injecting the rinsing liquid
ﬂﬂK%@$ns and opening the draln when the rinsing |iquid

R T R B N pp—
oSl 40 LT Ky, o T

P RHlE A5G "3 MABRECISR CAeERy G0 chemcal
4 PRI ) et .8 Y08 e g0

wherein the tenperature of the deionized water is in
the range of 20 to 90 OC. 34. The nmethod of claim 32,

whg €T e aaebiood dboxldim &8s Whepeirs Surther i ddmprising providing an
dei oni zed water.
additional pump connected to the receptor for quickly pumping out the

rinsing liquid inside the tray.

32. The method of claim 28, wherein the rinsing liquid is deionized

water.

33.The method of claim 32, wherein the temperature of the deionized

water is in the range of 20 to 90 °C.

34. The method of claim 32, wherein carbon dioxide gas is pressured

into the deionized water.
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